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STRESS ANALYSIS AND DESIGN 
ELEMENTARY STRUCTURES 


By JAMES H. CISSEL 
Professor of Structural Engineering, University of Michigan 


lndamental principles and practices are gathered together and presented in this 
mtbook. It is intended for use by engineering students other than those major- 
yg in civil engineering. A knowledge of statics and strength of materials is a 
requisite. 
he book is divided into two main parts. Part I on stresses offers first an intro- 
action to the subject, with definitions of important terms. Chapters follow on 
mternal forces—loads, graphic statics, reactions—shear—bending moment, re- 
rained and continuous beams, trusses, and stability of masonry structures and 
bundations. Part II deals with the design of simple structures. It includes 
hapters on structural fastenings and connections, timber beams and columns, steel 
“ams, girders and columns, and reinforced concrete beams, slabs and columns. 
mple tables, diagrams, etc., are given to make the book a self-contained unit in 
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OUR PART 
IN NATIONAL 
DEFENSE 


The Bell System is a nation-wide 


telephone system—ready to 


serve the United States in normal 


times or emergency. It has .. 
Walter S Gifford, President, American 
Telephone and Telegraph Company 


1. The trained forces to operate telee 7. The financial strength to keep 


phone equipment and plant. going and work ahead for the 
2. The trained staffs to direct these future. 
operations. 


3. The latest motorized, mechanized _ Each is important. All are necessary 
telephone groups of great mobility for good telephone service from day 
— can concentrate anywhere > bd and for the needs of national 
quickly. efense. 

4. A dependable service of supply an is the organization, the team-work, 
that reaches anywhere in the at counts, That means trained, ex- 

working together and planning ahea 

5. A source of supply —the Western so that the right material and the 
a IC a devoted to tele- right a one will be at the right 
phone manutacture. place at the right time. 


6. A great laboratory that brings the . 
advance of science to bear on the Verank:"s Arad, 


improvement of telephony. 


The Bell System is ready to do its part in 
the Nation’s Program of National Defense 
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TECHNICAL 
DRAWING 


offers you 


a text which has already attained a reputation among the most critical 


engineering teachers in the country as “ the finest in its field.” 


Below 


are some of the reasons why the Giesecke, Mitchell and Spencer vol- 
ume is replacing all others as the standard text for courses in engi- 


neering drawing. 


Its exceptionally full treatment of such 
fundamental topics as instruments and 
materials, lettering, multi-view projec- 
tions, pictorial drawing, and geometry of 
technical drawing, including some orig- 
inal teaching devices that are very ef- 
fective in clarifying points on which 
students often have difficulty. 


The chapter on shop processes, prepared 
with the cooperation of leading manu- 
facturers especially for the draftsman 
and designer. 


The excellent problems on all topics, 
especially the fine working-drawing 
problems. 


The full chapters on gearing and cams; 
pipes, fittings and valves; and welding 
representation. 


The expertly drawn illustrations, con- 
forming strictly to the latest Standards, 
that teach as well as illustrate. 


The inclusion of the complete American 
Standard Drawings and Drafting Room 
Practice in the appendix. 


The convenient indexing device, similar 
in principle to the thumb indexing used 
in dictionaries. 


687 pages, washable fabric, $3.00 


The Macmillan Company ¢ 60 Fifth Avenue, New York 
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McGrRAW-HILL Books - 1940 


Surveying: wiveney and Practice. New third edition 
By Raymonp E. Davis and FRANCIS S. Foore, University of California. 
1032 pages, 43x 7}. $5.00 

Mechanical Vibrations. New second edition 
By J. P. Den Harroe, Harvard University. 443 pages, 6x9. $5.00 


Steam Power Stations. New second edition 
Panel A. GarFert, Sargent & Lundy, Inc., Chicago. 592 pages, 6 x 9. 


Principles and Practice of Electrical Engineering. New fifth 
edition 
By the late ALEXANDER Gray. Revised by G. A. Watiace, McGill Uni- 
versity. 586 pages,6x9. $4.00 
Principl Direct-current Machines. New fifth edition 
S. LANGspoRF, University. Electrical Engineer- 
Texts. 746 pages,6x9. $5.50 
Principles of Alternating-current Machinery. New third 
edition 
By Raps R. Lawrence, Massachusetts Institute of Technology. Electrical 
Engineering Texts. 678 pages,6x9. $5.50 
Practical Mechanics and Strength of Materials. New third 
edition 
By C. W. Leen and J. F. Mancoup, Armour Institute of Technology. 498 
pages, 5x74. $3.00 
Introduction to Electrical Engineering 
By Georce V. MvuELLer, Purdue University. 306 pages,6x9. $2.75 


Technical Exposition 
By Les M. Ottver, Colorado School of Mines. 191 pages,6x9. $1.50 


General Engineering Handbook. New second edition 
Editor-in-Chief: Cuartes E. O’Rourke, Cornell University. 1120 pages, 
5x7 $4.00 

ie ay Mechanics. New fourth edition 

AuFrep P. Poorman, Purdue University. 354 pages,6x9. $2.75 

Pn Engineering Laboratory Experiments. New fourth 


edition 
By C. W. Ricker, Tulane University, and Carton E. Massa- 


Institute of Technology. pages, 6x9. $3.00 


Ragone Mechanics. New second edition, in one volume 
TimosHENKOo and D. H. Youne, Stanford University. 523 pages, 


6x9. $4.00 


Civil New second edition 
Editor-in-Chief: NARD C. Urnqunart, Cornell University. 877 pages, 


6x9. $5.00 


Design of Concrete Structures. New fourth edition 
By Lzonarp C. Urnqunart and Cuartzs E. O’Rourke, Cornell University. 


564 pages,6x9. $4.50 
Send for copies on approval 


“McGRAW-HILL BOOK COMPANY, Inc. 
330 West 42nd Street New York, N. Y. 
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EMERGENCY TRAINING COURSES IN ENGINEERING 
COLLEGES 


By D. B. PRENTICE 
President of the Society 


The deficiency appropriation bill just approved (September 23) 
by the Appropriations Committee of the House of Representatives 
includes an item of several million dollars for providing short 
courses in special technical fields as part of the emergency training 
program. If the bill in its present form becomes law, this pro- 
gram will be administered by the federal Office of Education, 
according to a plan worked out during the summer with the advice 
of Dean A. A. Potter. Reference was made in the September issue 
of ENGINEERING EpucaTION to Dean Potter’s appointment as spe- 
cial adviser on technical training. On the basis of his study of 
the shortages in industry, a program of refresher courses has been 
prepared to train engineering graduates to meet these demands. 
Thirty-one specialized fields were covered and suggestions were 
made as to engineering colleges best qualified to conduct the courses, 
consideration being given to faculty, equipment and geographical 
location. The Office of Education has appointed an advisory com- 
mittee for the program, of which Dean Potter is chairman. 

Dr. Studebaker has made the following statement in regard to 
the plan: 

‘‘The plan of operation of the program is very simple. A pro- 
posal will be made by each engineering school which desires to 
participate in the program, in conformity with general regulations 
previously announced by the Office of Education. Such proposal 
when approved by the Commissioner of Education will be the basis 
of an allocation of funds to the school sufficient to meet the actual 
cost of the course or courses offered.’’ 


It is quite probable that the bill will have been passed and full in- 
formation sent to the engineering schools before this issue of Enat- 
NEERING EDUCATION reaches the members of the Society. In that 
ease, or when the bill is passed, the schools will have a definite part 
in the defense program at a level of instruction on a par with their 
regular curricula. There is no question of a prompt and enthusi- 
astic response and a willingness to provide these special courses. 
The engineering colleges have a further responsibility, however, 
which is to bring the needs of industry in the present emergency to 
the attention of qualified alumni. The problem of shortages in tech- 
nical positions is only half solved by the provision of courses; com- 
petent students must be enrolled. 
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EMERGENCY TRAINING 


A committee representing forty-nine educational organizations 
met in Washington September 7 to mobilize the educational re- 
sources of the nation in the interest of national defense. Spokes- 
men were present for all levels of education including elementary 
schools, secondary schools, vocational schools, colleges and univer- 
sities, and adult education, which are already codperating in the 
defense program. 

Meeting as the Operating Committee of the National Coérdinat- 
ing Committee on Education and Defense organized August 5 under 
the auspices of the American Council on Education and the Na- 
tional Education Association, the group outlined general plans to 
make available and codrdinate all educational facilities needed for 
national defense purposes. Willard E. Givens, Executive Secre- 
tary of the National Education Association, and George F. Zook, 
President of the American Council on Education, were elected co- 
chairmen of the group. L. H. Dennis, Executive Secretary of the 
American Vocational Association, was named secretary. 

The general activities of the National Coérdinating Committee 
will be classifiable under the following heads: 

1. Immediate and continuous representation of organized educa- 
tion for effective codperation with the National Defense Council, 
the Federal Security Agency, and other governmental divisions; 

2. The stimulation and codrdination of the efforts of educational 
organizations and institutions in projects related to the national 
defense ; 

3. Dissemination of information regarding defense develop- 
ments to educational organizations and institutions; 

4. The maintenance and improvement of educational opportuni- 
ties essential in a long-range national program. 

The membership of the Operating Committee includes: 


F. L. Bishop, Secretary, Society for the Promotion of Engineering 
Education. 

Isaiah Bowman, President, Johns Hopkins University. 

Morse Cartwright, Director, American Association for Adult Edu- 
cation. 

George Counts, President, American Federation of Teachers. 

L. H. Dennis, Executive Secretary, American Vocational Associa- 
tion. 

- Clarence Dykstra, President, University of Wisconsin. 
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Paul Elicker, Executive Secretary, Department of Secondary 
School Principals. 

Willard E. Givens, Executive Secretary, National Education As- 

_ sociation. 

Meta Glass, President, Sweet Briar College. 

Alonzo Grace, State Commissioner of Education, Conn. 

Ben Graham, Superintendent of Schools, Pittsburgh, Pa. 

Charles Hunt, President, State Teachers College. 

George Johnson, Secretary-General, National Catholic Educational 
Association. 

Mordecai. W. Johnson, President, Howard University. 

Agnes Samuelson, Executive Secretary, Iowa State Teachers As- 
sociation. 

Guy E. Snavely, Executive Director, Association of American Col- 
leges. 

T. O. Walton, President, A. & M. College of Texas. 

George F. Zook, President, American Council on Education. 


CHICAGO MEETING—INFORMAL 


There will be an informal meeting of the Society at the Drake 
Hotel, Chicago, Ill., Tuesday morning, November 12, 1940, at 7 
A.M. Breakfast will be served. 

It has been the custom of the Society for several years to have 
an informal meeting at the time and place of the annual meeting 
of the Association of Land Grant Colleges and Universities 
which meeting many of our members attend. At this time the 
President of our Society discusses plans for the coming year and 
seeks advice and suggestions in regard to the matter. 


F. L. BISHOP, Secretary 
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COMMITTEES FOR 1940-41 


Conferences: E. L. Moreland, Chairman, Massachusetts Institute of Tech- 
nology, Cambridge, Mass., in charge of all conferences for the 49th an- 
nual meeting, University of Michigan, Ann Arbor, Mich., June 23-27, 
1941. 

Sections and Branches: L. E. Conrad, Chairman, Kansas State College, Man- 
hattan, eg P. 8. Biegler, H. O. Croft, O. V. Adams, A. R. Carr, B. R, 
Van Leer, R. H. Suttie. 

Executive: D. B. ‘Poms Chairman, Rose. Polytechnic Institute, Terre 
Haute, Ind., L. E. Conrad, E. L. Moreland, W. O. Wiley, F. L. x" 

Program: D. B. Prentice, Chairman, L. E. Conrad, E. L. Moreland, W. 
Wiley, F. L. Bishop. 

Publication: F. L. Bishop, Chairman, University of Pittsburgh, Pittsburgh, 
Pa., O. J. Ferguson, D. B. Prentice. 

Aeronautical Engineering: J. D. Akerman, Chair'man, University of Minne- 
sota, Minneapolis, Minn., Alexander Klemin, F. N. M. Brown, E. A, 
Stalker. 

Compensation for Practicing Engineers: F. M. Dawson, Chairman, University 
of Iowa, Iowa City, Iowa, S. R. Beitler, C. A. Koepke, C. A. Mockmore, 
M. O. Withey, C. A. Wright, G. N. Cox, W. A. Lewis, A. B. Credle. 

Comprehensive Examinations: R. H. Frazier, Chairman, Massachusetts Insti- 
tute of Technology, Cambridge, Mass., H. W. Bibber, H. V. Carpenter, 
R. E. Davis, W. E. Howland, H. M. Jenkins, C. V. Mann, W. C. White. 

Election Procedure: A. H. White, Chairman, University of Michigan, Ann 
Arbor, Mich., H. P. Hammond, R. L. Sweigert, H. C. Dillingham, J. E. 
Buchanan. 

English: O. J. Ferguson, Chairman, University of Nebraska, Lincoln, Nebr., 
H. L. Creek, John G. Bowman, John Mills, S. W. Dudley, K. O. Thompson, 
Raymond Walters, J. L. Vaughan. 

Engineering Economy: E. D. Ayres, Chairman, University of Wisconsin, 
Madison, Wis., E. L. Grant, E. E. King, C. M. Merrick, G. W. Barnwell, 
B. E. Goetz, A. J. Lindemann, J. C. Clark, A. I. Peterson. 

Engineering Research: W. L. Woolrich, Chairman, University of Texas, 
Austin, Texas, Dana Young, J. R. Withrow, E. O. Waters, M. F. Sayre. 

Evening Engineering Courses: H. S. Rogers, Chairman, Polytechnic Institute 
of Brooklyn, N. Y., 8S. K. Barrett, R. E. Doherty, H. E. Dyche, T. M. 
Focke, W. C. White. 

Extra-Curricular Activities: P. S. Donnell, Chairman, A. & M. College, Still- 
water, Okla., J. E. Walters, W. D. Turnbull, Otto Carpenter, A. L. Albert, 
R. F. Edgar. 

Institutional Members: R. A. Seaton, Chairman, Kansas State College, Man- 
hattan, Kansas, D. C: Jackson, R. L. Sackett. 

Instructional Methods: C. S. Ell, Chairman, Northeastern University, Boston, 
Mass., W. M. Cobleigh, A. B. Domonoske, H. J. Gilkey, T. H. Morgan, 
J. A. Prior. 

Junior Colleges: C. A. Anderson, Chairman, University of Pittsburgh, Johns- 
town, Pa., E. R. Hedrick, H. H. Wheaton, R. A. White, J. E. Strelzoff, 
E. C. Douglas. 

Labor Relations: G. L. Sullivan, Chairman, University of Santa Clara, Calif., 
D. B. Porter, L. M. Gilbreth, T. C. Adams, F. A. Magoun, R. 8. Hawley. 
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Lamme Award: J. H. Belnap, Chairman, Westinghouse E. & M. Co., Pitts- 
burgh, Pa., four years, Paul Cloke, University of Maine, S. B. Earle, 
Clemson College, F. A. Thomson, Montana School of Mines; three years, 
J. H. Belnap, A. C. Stevens, General Electric Co., B. G. Elliott, Univer- 
sity of Wisconsin; two years, F. C. Bolton, A. & M. College of Texas, 
C. E. Bullinger, Pennsylvania State College, F. L. Plummer, Warren, 
Pa.; one year, D. C. Jackson, 5 Mercer Circle, Cambridge, Mass., R. C. 
Ernst, University of Louisville, H. B. Langille, University of California. 

Membership: D. B. Prentice, Chairman, Rose Polytechnic Institute, Terre 
Haute, Ind., J. A. C. Callen, G. J. Davis, G. M. Butler, G. F. Stocker, E. 
D. Howe, H. B. Walker, V. C. George, P. 8S. Biegler, R. W. Sorensen, G. 
L. Sullivan, A. B. Domonoske, J. B. Phillips, C. H. Mitchell, A. Circe, 
H. 8. Evans, N. A. Christianson, J. C. Reed, 8S. W. Dudley, Dana Young, 
G. A. Koerber, L. K. Downing, N. C. Ebaugh, D. P. Savant, A. R. Keller, 
J. E. Buchanan, H. T. Heald, J. A. Kozacka, G. A. Maney, A. N. Talbot, 
F. C. Hockema, W. L. Shilts, Carl Wischmeyer, R. A. Moyer, H. O. Croft, 
E. D. Hay, Linn Helander, J. H. Graham, R. C. Ernst, J. M. Robert, E. C. 
Barrett, L. J. Lassalle, Paul Cloke, D. Kavanaugh, A. G. Christie, 8. 8. 
Steinberg, W. C. White, F. G. Willson, C. H. Berry, K. T. Compton, E. 
MacNaughton, T. H. Morgan, I. C. Crawford, C, J. Freund, A. R. Carr, 
H. B. Dirks, James Fisher, C. A. Koepke, L. L. Patterson, L. H. Johnson, 
A. C. Lanier, H. H. Armsby, A. S. Langsdorf, W. M. Cobleigh, J. W. 
Haney, F. H. Sibley, G. W. Case, W. D. Ennis, F. D. Carvin, N. P. 
Bailey, J. C. Elgin, M. E. Farris, D. B. Jett, E. F. Church, R. B. Dale, 
8. C. Hollister, D. 8S. Bridgman, T, H. Prentice, F, L. Eidmann, G. F. 
Bateman, H. J. Lockwood, H. E. Wessman, J. 8S. Ross, J. W. Gavett, M. 
F. Sayre, Louis Mitchell, E. A. Fessenden, R. 8. Wilbur, B. R. Van Leer, 
H. 8. Rush, L. C. Harrington, J. A. Needy, F. E. Ayer, W. M. Young, C. 
A. Joerger, F. H. Vose, B. H. Bush, F. W. Marquis, A. R. Weber, D. M. 
Palmer, W. F. Cloud, V. L. Maleev, C. A. Mockmore, A. C. Callen, C. M. 
Merrick, R. L. Anthony, J. H. Billings, M. C. Molsted, W. N. Jones, R. 
F. Edgar, H. A. Everett, 8. B. Lilly, J. 8S. Morehouse, F. W. Stubbs, 8. J. 
Berard, L. 8S. LeTellier, S. B. Earle, H. M. Crothers, J. O. Kammerman, 
R. M. Boarts, J. E. Boynton, H. E. Degler, H. C. Dillingham, R. M. Mat- 
son, J. H. Pound, O. V. Adams, T. C. Adams, G. F. Eckhard, A. E. Win- 
slow, P. T. Norton, J. A. Anderson, W. S. Rodman, H. V. Carpenter, E. 
A. Loew, L. D. Hayes, B. G. Elliott, R. D. Woolrich. 

National Conference on Engineering Positions: Thorndike Saville, F. D. 
Furman, H. L. Davis, L. P. Alford. 

Nominating: All Past Presidents and those members of Council whose terms 
expire in 1943. 

Personal Development, Codérdinate Committees in: W. N. Jones, General 

Chairman, Carnegie Institute of Technology, Pittsburgh, Pa. 

(a) Student Selection: R. L. Sackett, Chairman, Hotel White, New York 
City, W. A. Knapp, L. J. Lassalle, J. P. Colbert, J. W. Howe, C. A. 
Tibbals, Gibb Gilchrist, I. C. Crawford. 

(b) Undergraduate Adjustment: A. C. Callen, Chairman, Lehigh Uni- 
versity, Bethlehem, Pa., H. H. Armsby, T. J. Dolan, C. T. Eddy, 
J. C. Reed, F. L. Wilkinsoon. 

(c) Development and Placement: C. J. Freund, Chairman, University of 
Detroit, Mich., M. M. Boring, J. R. Bangs, W. J. Hebard, B. K. 

: Swartz, S. B. Morris, N. C. Ebaugh. 

Physics: J. G. Potter, Chairman, School of Mines, Rapid City, 8S. D., O. ©. 
Lester, R. D. Bennett, R. T. Birge, D. 8. Elliott, A. R. Frey. 

Principles of Engineering Ethics: American Engineering Council: Jos. W. 
Barker, Columbia University. 
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94 COMMITTEES FoR 1940-1941 


Progress: C. F. Scott, Chairman, Yale University, New Haven, Conn., D. C, 
Jackson, C. C. Williams, E. H. Flath, C. E. Magnusson. 
Relations with Engineering Societies: C. E. Davies, Chairman, 29 West 39th 
St., New York City, H. H. Henline, F. L. Bishop, F. C. Hockema. 
Relations of Divisions to the Society: R. A. Seaton, Chairman, Kansas State 
College, Manhattan, Kansas, F. L. Eidmann, M. W. Furr, H. E. Dyche, 
H. M. McCully. 
Representatives of the Society on various Committees, Boards and Com- 
missions: 
American Standards Association: 
Symbols and Abbreviations: E. J. Streubel, P. J. Kiefer, M. C. 
Stuart. 
Preferred Numbers: C. E. Lucke. 
Standards for Drawings and Drafting Room Practice, sponsored by 
the 8. P. E. E. and A. 8. M. E.: T. E. French. 
Graphical Symbols and Abbreviations for their Use on Drawings: 
T. E. French. 
Electrical Definitions, sponsored by A. I. E. E.: Edward Bennett. 
Charles A. Coffin Fellowships and Research Committee: D. B. Prentice, 
Rose Polytechnic Institute. 


American Council on Education: W. E. Wickenden, F. L. Bishop, C. E. 


Davies. 

American Engineering Council: F. L. Bishop. 

American Association for the Advancement of Science: K. T. Compton, 
R. L. Sackett. 

Engineers’ Council for Professional Development: R. A. Seaton, R. E. 
Doherty, C. C. Williams. 

National Bureau of Engineering Registration: P. H. Daggett. 


CORRECTION 


On page 80, September JOURNAL OF ENGINEERING EDUCATION, 
the Vice Chairman of the Electrical Engineering Division should 
be A. L. Albert, Oregon State College. 


DIVISION OF DRAWING 


The officers for this division for 1940-41 are: 

R. P. Hoelscher, Chairman, University of Illinois. 

W. H. Seegrist, Secretary, Armour Inst. of Tech. 

B. M. Green, Editor, T-Square Page, Stanford Univ. 

G. M. Phelps, Chairman of Drawing Competition, Rensselaer Poly. 
Inst. 

F. A. Heacock, Member of Executive Com., Princeton Univ. 


AMERICAN ENGINEERING COUNCIL 


Colonel L. B. Lent assumed the duties of Executive Secretary 
of the Council on August 1. He succeeds F. M. Feiker who re- 
signed to become Dean of Engineering at George Washington Uni- 
versity. 
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TRENDS IN ENGINEERING EDUCATION * 


By C. DERLETH, JR. 
Dean, College of Engineering, University of California 


Many sermons have been delivered at sessions of this Society 
on such texts as, Engineering and Social Progress, The Engineers’ 
Social Responsibility, The Engineer’s Professional Status, The 
Engineer’s Relation to Government. President Ferguson sug- 
gested that I might select the San Francisco Bridges as my theme 
and thereby illustrate the obligations of engineering executives to 
planning and regional development of metropolitan communities. 
But the tragic daily news from Europe puts me in no mood to 
praise our material achievements, or commend our social objectives. 
Social progress is a vain hope when governments play to a soft and 
indulgent people, who accept the privileges but not the responsi- 
bilities of democracy; when government continues to appease mi- 
nority pressure groups and listens to voices of confusion and im- 
practical dreamers. 

So instead I have selected a less spectacular trend in The Un- 
folding Obligations of Engineering Education, the problem which 
increasingly faces professional schools in the United States and 
especially the state universities; the insistent quest by parents for 
professional training when their children are endowed only for a 
trade or craft, or at best a semi-professional vocation. How may 
we, in a democracy, under present social philosophy, satisfy the 
guardian, parent and taxpayer to cause them willingly to select for 
their children a trade school or technical institute, a high school 
or vocational junior college, and not press for continuance in 
college and university curricula which lead to professional degrees 
in engineering, law and medicine. Private institutions may raise 
standards; so can state universities; but the public holds the purse. 

President Conant of Harvard urges universities that want to 
turn out graduates of ‘‘real intellectual vigor’’ to provide plenty 
of stiff courses in difficult subjects. The ‘‘smatter system,’’ he 
says, risks ‘‘ jeopardizing the selective principle in our education.’’ 
He points out that most of the graduates of Harvard College who 
enter the law school after barely passing records as undergraduates 
are flunked out in their first law examinations, while those who 

* Presented at the 48th Annual Meeting, S. P. E. E., University of Cali- 
fornia, June 24-28, 1940. 


95 


C, 

39th 
tate 
che, 

ice, 

BE. 


96 TRENDS IN ENGINEERING EDUCATION 


graduate with high records are generally those who make outstand- 
ing successes afterward. 

Regent Chester H. Rowell of the University of California re- 
plies: ‘‘Quite so! But what of the whole new educational situa- 
tion, which is pouring into our high schools multitudes of students 
whose parents never went to high school, and large numbers of 
whom have no interest in doing, and probably could not do well, 
the sort of things the high schools used to teach? The high schools 
are struggling with the problem of finding something else, which 
this new group of students can and will do. 

‘“When these students graduate from the high schools, large 
numbers of them will want to go on, to junior college or higher. If 
the best universities follow Harvard in making their requirements 
too stiff for them to enter or to stay, they will demand, and will 
find, other colleges that will take them. What shall they be offered 
. . . the ‘stiff’ courses in hard subjects, whose chief purpose would 
be to eliminate them by the ‘selective principle,’ or something else 
which they can do, in which they would find achievement instead of 
failure, and which will be of practical use to them afterward, in 
the sort of practical lives most such boys will live later?’’ 

This is, in fact, the most pressing and the most puzzling prob- 
lem of present-day secondary and higher education in America. 

It is reported that recently the personnel director of one of 
America’s largest Industries told the National Education Associa- 
tion that ‘‘ American Colleges are ruining a lot of good janitors and 
truck drivers.’’ 

President Ferguson, in the June, 1940, JourNAL or ENGINEERING 
EpucatTIon, speaks feelingly upon this issue and defines it as ‘‘one 
of the major embarrassments confronting engineering education 
today.’’ He recommends ‘‘schools for artisans, giving brief but 
well organized terminal courses that meet the measure of the abili- 
ties and ambitions of those who cannot or do not wish to fulfill the 
exactions of professional training. We should have many such 
schools. Their curricula should be as definitely planned for their 
purposes as are our four-year courses for engineers.’’ 

Then he exclaims—‘‘But how can these schools be set up and 
multiplied? And how shall we separate our streams of entering 
students?’’ And I ask you; will the student willingly submit? At 
California he does not willingly submit to dismissal. His father, 
the taxpayer, writes to the University President: ‘‘To deprive this 
boy of the privileges of continuing his education is an act unjust 
to mankind. Surely there must be some provisions in the State 
Educational System whereby such cases may be brought to a satis- 
factory solution.’’ 

Those of you who heard Professor Raymond E. Davis at the 
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third of our general sessions this morning know how the University 
of California is coéperating with high school and junior college to 
solve these perplexing issues. 

The high school has become the people’s school where all chil- 
dren are accepted and intended to be graduated—not just a select 
few. This process continues. Enrollment pressure causes the 
junior college to follow the same course and universities are sub- 
ject to the same pressure. I am not criticizing high schools and 
junior colleges. Their problem is also the university’s problem. 
Constructive codperation and partnership alone can help us. 

Colleges of engineering have long cherished the unity of their 
four-year programs. This is no longer realized. In California the 
junior college is assumed to have two principal functions; the first 
to provide education such as is offered by four-year liberal arts 
colleges during their first two years; the second to train young 
men and women vocationally to be economically independent by 
fitting them for places in the industrial world. Of the second 
group many drift to the university with advanced standing. 

Professor R. E. Davis, of the University of California, who has 
studied these trends in the West, expresses the view, in which I 
join, ‘‘That for the mature high school student who is clearly of 
professional engineering caliber, the junior college is not the in- 
stitution to which he should go following high school graduation. 
He should enter immediately an engineering college of his choice, 
private or public, for after all the primary function of the junior 
college in engineering education, at least for the present, should 
be to provide training on the semi-professional level.’’ 

Energetic missionary work by our educators is called for and 
would be most timely. The parent attitude toward education 
should be that it is an honor for a boy to be engaged in work for 
which he has real aptitude. It is a waste of his time, and in most 
cases positively detrimental to the future success of a boy who is 
not academically minded to attempt to force him through a four- 
year college in a curriculum leading to the B.S. degree. 

Opportunity for employment in semi-professional fields is far 
greater than on the strictly professional level. Mechanicians are 
needed in the semi-professional and expert mechanized trades which 
offer excellent earning capacity. 

We must instruct the youth who possesses manual dexterity that 
there is no reflection upon his intelligence when he selects vocational 


or semi-professional courses in trade schools, technical institutes, 


and junior colleges. 

The junior colleges are absorbing many young men who believe 
themselves fitted for technical careers. Even so, a state univer- 
sity cannot expect thereby a material reduction in engineering 
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enrollment in the immediate future. Government agencies (city, 
county, state and nation) increasingly demand the Bachelor of 
Science degree in engineering from accredited institutions. Ad- 
vanced training is demanded for civil service and by state licens- 
ing boards. Labor does not encourage apprenticeships in the crafts. 
Depression years offer no ample employment to early manhood. 
Industry wants experience, and experience must be acquired in 
a job or by specialized studies. Representatives of industry, gov- 
ernment and business have much to say about general vocational 
and humanistic training. They talk a great deal about ‘‘cultural’’ 
subjects for engineering students but demand technical content 
in undergraduate curricula and press for specialization. They 
want the top men. They want highly specialized options in a hun- 
dred fields, such as air conditioning, aerodynamics, diesel engines. 

Graduates of high school who failed to meet admission require- 
ments to the freshman year of a university, now pursue lower 
division studies in a junior college or technical institute. Then 
after one, two, and sometimes three years’ residence there, they 
seek university admission with advanced standing in engineering. 
Students in large numbers, with mediocre scholastic records, now 
enter a state university by a ‘‘back door.’’ These trends reduce 
lower division enrollment and increase university enrollment in 
the upper division where instruction is costly. 

For example, for twenty years past (1920-40) freshman and 
sophomore enrollment at California in the College of Engineering 
(C.E., E.E., Mech.E. curricula) has remained essentially static, 
varying from 500 to 700 students. In the junior and senior years 
enrollment has more than trebled, from 300 to 1100. We receive 
students now from more than 400 high schools and more than 50 
private and public junior colleges. 

The state university must absorb a varied group of intrants, 
differently prepared, of wide range in outlook and ability. It 
would be folly to apply a harsh ‘‘selective principle’’ by prescrib- 
ing unnecessarily ‘‘stiff’’ courses. Obviously a two years’ college 
course in arts followed by a four years’ professional curriculum is 
utterly inapplicable for the majority of these students. 

We all agree on the desirability of combining (some) liberal 
courses with fundamental science, but a prescribed six-year plan 
cannot work in today’s state university, for all of the variously 
endowed students. 

The late Professor George F. Swain vigorously opposed the 
plan of a preéngineering course of two or more years in a College 
of Letters and Arts and I am of the same opinion. From a teach- 
ing experience of more than thirty years, he concludes, ‘‘the thor- 
ough training so often claimed by educators to have been obtained 
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by college and engineering graduates, is a fallacy. A few men get 
it, all have the opportunity to get it, but the majority do not get 
it. It depends on the student. The diploma is no guarantee that 
he has it.’? He quotes the historian, Gibbon, who in referring to 
the ignoble son of one of the best of the Roman Emperors, who had 
given his son the best educational advantages remarks: ‘‘But the 
power of instruction is seldom of much efficacy, except in those 
happy dispositions in which it is almost superfluous.”’ 

In spite of the trends which I have outlined an encouragingly 
large percentage of University of California engineering students 
are graduated in a total of four or five years with high scholarship, 
breadth of outlook and honor standing, that is, a B grade or better. 
We urge these superior men to extend a four-years’ sequence to 
five years, which admits a wider choice of electives in the humani- 
ties. In recent years, despite public criticism, we have greatly 
strengthened our high school entrance requirements, and have 
raised our disqualification regulations. Students are subject to 
dismissal at the end of each semester when they fail to maintain 
at least a C grade average in all courses previously undertaken in 
the University. In the fall semester, 1939, twelve per cent of our 
total enrollment was dismissed for lack of scholarship, and nine 
per cent in the spring semester, 1940. Dismissed students petition 
again and again for reinstatement, after they have learned by 
harsh experience the requirements for civil service ratings, engi- 
neering license, or technical positions in industry or government. 

I maintain a capable young man should not be kept in school 
too long, save by his own choice. He is usually 18 years of age by 
the time he completes high school, where he should have been taught 
the rudiments of science, language and history. He is frequently 
25 years of age before he acquires the B.S. degree. He should 
have been able to complete the B.S. curriculum at the age of 22. 

The superior student, in later life, finds ample opportunity 
and leisure to gain knowledge and breadth. He has at his com- 
mand evening and correspondence schools, libraries, theatres, 
music, museums. Travel and a serious contemplation of nature 
also instruct him. One does not learn everything in school. The 
education of the professional engineer is never finished. He must 
be a student of human nature all his life if he hopes to acquire 
leadership. 

Finally, I deplore the frequent apologies so many of our votaries 
make for engineering education. We have no need to excuse our- 
selves any longer before the classical tradition. 

In an age of power, monumental structures and industrial ex- 
pansion, fundamental science instruction is better fitted to equip 
for leadership than an exclusively humanistic education. 
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Francis Bacon states this idea in immortal language: ‘‘It can- 
not be that axioms established by argumentation can suffice for the 
discovery of new works, since the subtley of nature is greater 
many times over than the subtlety of argument.’’ 

Professor Hogben, the English biologist, whose ideal is a scien- 
tific humanism, in an essay entitled, ‘‘Retreat from Reason,’’ has 
this to say: 

I quote his caustic statement : 

‘*A specific characteristic of the civilization in which we are 
living is the extent of its dependence on the application of natural 
science. The potential of social welfare is vastly greater than it 
has ever been. The potential of sheer destruction is also vastly 
greater than it has ever been.’’ Listen to this. I would not dare 
say it myself. ‘‘Democracy is becoming a farce, because the expen- 
sively uneducated classes from which Capital and Labor alike at- 
tract their intellectual leaders and administrators are increasingly 
at the mercy of technical experts, whose own training involves no 
recognition of their social responsibilities. ’’ 

Later on he continues ;—more caustic still: ‘‘The defect of the 
present content and outlook of humanistic education as a prepara- 
tion for leadership in a democratic society may all be summed up 
in the single statement that knowledge is encouraged as a means 
to more knowledge instead of being a means to action. The only 
part of the educational curriculum which makes demands on ability 
to do in contradistinction to facility of expression is experimental 
science. So individuals with conspicuous executive capacity, that 
is, ability to do as opposed to ability to dispute, are attracted to the 
natural sciences and technology. Since neither natural sciences 
nor any form of manual craftsmanship are obligatory in humanis- 
tie education, nothing is done to develop general competence in 
those who elect a course of social studies because they lack con- 
structive aptitude. The machinery of educational selection there- 
fore tends to recruit the nation’s statesmen from those who can talk 
glibly, write elegantly or argue forcibly without a capacity to act 
competently. When the need for action is urgent they can only 
continue to talk glibly, write elegantly and argue forcibly. If 
democracy can produce only leaders who can talk, it is doomed, 
and we can only hope to preserve it by a policy of educational selec- 
tion which favors competence more than fiuency.’’ 

A pretty story appeared recently on the editorial page of the 
San Francisco Chronicle, with the heading: ‘‘Defender William 
Knudsen Concentrates.’’ It relates that the U. S. Maritime Com- 
mission’s Press Chief who had been loaned to the Defense Commit- 
tee, entered Knudsen’s office to confer with him. The powerfully 
built General Motors’ Head was deeply engrossed in a mass of 
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papers. After a few minutes of waiting, the Press Chief, shuffling, 
began to speak. Knudsen responded but not as the startled press 
man expected. Without looking up, Knudsen demanded, ‘‘Can 
you make tanks?”’ 

‘‘Er—No—I’m—,”’ stuttered the Press Chief. 

‘‘Then see me some other time,’’ rumbled Knudsen, still not 
looking up. ‘‘I’m looking for tank makers. As you go out, please 
tell the next man to come in.”’ 

It is an excellent story, most timely, points a moral, and adorns 
my tale. 

Of all intrants to our College of Engineering about one-third 
eventually receive our B.S. degree, and of these about one-third 
achieve high scholarship; thus not more than one-ninth of our 
engineering students show promise of future leadership. 

It is my conviction that the ablest graduates of our engineer- 
ing schools are men of action, doers, not specialists in cireum- 
locution and fine writing. They have learned to work. They are 
disciplined, respect authority and experience, and have acquired 
character, judgment and efficiency. We may safely leave to them 
the gradual acquisition of a broad and liberal education. The 
time for an engineer to become a cultured gentleman is between 
seven and twelve in the evening and between the ages of twenty-one 
and seventy-one. - 
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THOSE EXTRA SUBJECTS OF STUDY * 


By L. P. SIEG 
President, University of Washington 


I am keenly aware of the temerity, if not the effrontery of one 
like myself, who, outside your organization, undertakes to advise 
you upon engineering education—you who have spent your lives 
in working upon these problems. There are only two excuses: I 
' did not seek this assignment; and there may be some small value 
to be gained by having an outsider look at your problems. 

' Although not immediately immersed in your problems, I, at least, 
have been on the fringe and, indeed, on occasions tangled up with 
some of your enterprises. Before I launch into my own small 
contribution, I must make specific acknowledgment of two docu- 
ments which came into my hands last December. These were Dr. 
Dugald C. Jackson’s pamphlet, ‘‘Present Status and Trends of 
Engineering Education in the United States,’’ and the committee 
report on ‘‘Aims and Scope of Engineering Curricula’’ prepared 
by a committee headed by Dean Hammond. These documents in- 
troduced me to the present day picture of the thinking of those of 
you charged with the direction of engineering education. In addi- 
tion to these specific documents, I have had, to be sure, the benefit 
of a close acquaintance, running over many years, with engineering 
teachers and with the problems of engineering education. Need- 
less to say, these documents to which I have referred, meet on the 
whole with my entire approval. Indeed, so comprehensive are they, 
that they leave little for a commentator. 

I have noted with approval the gradual evolution of your tech- 
nical courses to the point where they have become technological, 
where the teaching of manual skills has progressively dropped by 
the wayside, where you have brought into your curricula more and 
more the basic sciences upon which your technological develop- 
ments must rest. I have noted also the criticisms of your curricula 
from your colleagues in the colleges of arts and sciences. In my 
first contact with engineering, now many years ago, I found that it 
was merely a division of a college of arts and sciences. Those were 
the days in which you were the objects of constant sniping because, 
forsooth, there was not enough culture in your curricula. Your 

* Presented at the 48th Annual Meeting, Se P. E. E., University of Cali- 
fornia, June 24-28, 1940. 
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students were not worthy, so these others said, of the bachelor’s 
degree which the college conferred. And, of course, you were then 
not entirely blameless, for your curricula contained too many hours 
devoted to running a lathe and forging impractical gadgets, which 
a self-respecting blacksmith would throw into his scrap pile. That 
reminds me that these faults were not limited to the last century. 
About three years ago I had the pleasure of serving as an official 
visitor to our Naval Academy at Annapolis. I found them terribly 
distraught because they could not find time enough to put into 
their curriculum the many technological subjects crying out to be 
included. And yet, only three or four years before, they had 
given over having the midshipmen work with hammer and anvil in 
a vast structure containing acres of forges, and turning out, on 
hundreds of lathes, all sorts of useless objects. But to return to 
culture. Only a few years ago I happened to be dean of a College 
of Arts and Sciences that controlled jealously the first two years of 
engineering. I am glad to say that I was at least partly instru- 
mental in throwing those two years back to the engineering fac- 
ulty. But even then, the act was tied to the necessity of having 
any changes in the curriculum approved by the dean of the College 
of Arts and Sciences before they could be adopted. It was the 
residuum of the old suspicion on the part of the college faculties 
that, somehow, the work in engineering was too practical, too use- 
ful, if you want, too lacking in culture to be deserving of a bache- 
lor’s degree. The misuse of the word culture makes me see red. 
As near as I can figure it out, at least some proponents of culture 
have a vague notion that a college graduate should have been ex- 
posed to a wide variety of disciplines, should possess a rather broad 
fund of information, and that this information and these disci- 
plines should not impinge too closely on bread and butter. I am 
not raising any objections to genuine culture, but rather to pseudo- 
culture. A good description of a cultured person comes from the 
pen of John Cowper Powys: ‘‘The desirable effect upon one’s mind 
of imaginative literature,’’ he says, ‘‘is not to strengthen one’s 
memory or enlarge one’s learning or to inspire one to gather to- 
gether a collection of passages from ‘great authors’; it is to en- 
courage one to learn the art of becoming a ‘great author’ oneself.’’ 
Extend the word ‘‘literature’’ to include any mental discipline, and 
you have in this quotation, I believe, the distinction between pseudo- 
culture and culture. One doesn’t strengthen one’s memory or en- 
large one’s learning or gather collections of passages, but rather 
one is encouraged to become a great author, that is, a great creator 
oneself. As I was saying, however, I lived through the years when 
those suspicions and recriminations were rife. And all through I 
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have been aware that the faults that have existed have not always 
been those of our advocates of culture. The engineering faculties 
must assume their share of responsibility for the faults of their cur- 
ricula in those early days. But the battle is not yet over. It seems 
to me that I see evidences that the advocates of pseudo-culture are 
still at work. I see these evidences in the pamphlets to which I 
have referred. The attack is now more subtle, so subtle, in fact, 
that I fear you may be influenced to yield when you should not. 

I am sure that you know to what I refer—the clamor that has 
arisen in this disjointed world against the overgrowth of technol- 
ogy. Technology, it is said, has outstripped our social and eco- 
nomic disciplines. The engineer wrests from nature more discover- 
ies than man can assimilate. Chemistry finds new food for people, 
but with its poison gases it kills them. Again, one should not 
simply build a bridge; he should check up on the social and eco- 
nomic value of the bridge. If the bridge puts a ferry company 
out of business, we must forego the bridge, even though its presence 
will add to the comfort and well-being of thousands of people. 
And the old ghost of technological unemployment is charged against 
the engineers. Now my attitude toward this desire to have engi- 
neers more socially conscious is, I hope, constructive. In other 
words, I trust that I am not reactionary. But it is in the manner 
of accomplishing our ends that perhaps I differ from those who 
would cure the fault by the old methods. 

It should really be a matter of great pride to all you engineers 
that the world not only has come to recognize that you are really 
very important, albeit rather dangerous persons. You have upset 
the world with your far-flung structures, with your casually bring- 
ing water hundreds of miles across the deserts and mountains, with 
your building unheard-of and utterly impossible bridges, with 
your turning coal tar into milady’s perfumes, and with all these 
other amazing things that you do in the course of your day’s work. 
You are designing machines that throw human labor out of the 
window. True, you are developing new enterprises that, in their 
first stages, at least, call back to work as many people as are thrown 
out elsewhere. But these are not always the same people—that is 
the rub. And now that you are not only appreciated but feared, 
the back seat drivers are worrying again about your culture, but 
they are not calling it that. They cannot work out the social- 
economic system, and so they would have you become economically 
minded, so that you can do the amazing kinds of things in these 
human fields that you have done with inanimate matter, so that 
you will not only find solution for physical problems, but that you 


will also be alive to their social aspects. Of course, someone must 
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solve these problems, and it might as well be the engineer. But 
how is it proposed that you go about it? Why, as far as I can see, 
you are simply to put into your already overcrowded curricula some 
of the same old courses that have been offered for years to thousands 
of students. Has anyone stopped to figure out why, since our 
college faculties have been toiling away for years at this same job, 
they have not produced social and economic engineers of their own 
to help give the world what it has long been crying for? By what 
magic can it be done by engineers if they just take more courses? 
Engineers are no more supermen than the run of humanity. Why 
they can do things is the result of their training and the way they 
have learned to go about their jobs after graduation. I cannot be- 
lieve that the problems of money, poverty, transportation, distribu- 
tion, taxes, or any of the others are intrinsically much more difficult 
than are the things engineers do every day. Well, let’s look into 
the kind of training you give and undergo yourselves. It would 
be strange and somewhat ridiculous, would it not, if in studying 
this side of the picture, we might arrive at the conclusion that all 
this time the seat of real culture had been resting quietly in the 
halls of our science laboratories and in our technological schools. 
At least something pretty important has been there, call it culture 
or something else. For my part a cultured man is one who can use 
his knowledge, ability or skill to the betterment of his fellow men. 
To apply a very rough figure, you can add a dab of color here, alter 
a form there, and ultimately make a physical object as attractive 
as you want. You cannot do that to the human mind. This laying 
out of a curriculum is usually like the adornment of the physical 
object to which I referred. Your ultimate engineer must know 
beauty, so they say, and therefore you are to put in, a course in 
esthetics, meeting daily at 10:00 a.m. for one quarter; he must be 
a facile writer, so you must send him to a class in freshman Eng- 
lish; he must know about economic theories, so he has to add that 
class. At graduation time they shake hands with themselves and 
say, ‘‘Now see what a perfect result we have produced.’’ But if I 
belittle that procedure, how can I fail likewise to belittle the addi- 
tion to the curriculum of a course in transients, in the theory of the 
transmission of power by electricity? The difference is twofold: 
(1) it is a difference involved in the very nature of the subjects 
themselves, and (2) the difference lies in the manner in which the 
subjects are studied—note I say studied, not taught. Of these 
two, the first one is, at least. for the present, beyond our power to 
bring into a position useful to an engineer. There is not one 
theory of this or that in the social-economic field; there are many, 
and it seems impossible to prove the validity of one over the other. 
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Directed experiments to try out theories are strangely lacking. 
Your physicist concocts lots of theories, but he goes to work to try 
them out before he believes that they are really so. The other 
difference can, I believe, be remedied. You have developed methods 
of study and teaching that make the student really do the work. 
There must be rather few lecture and recitation classes in engineer- 
ing schools. I have never heard students refer to their teachers 
either as great lecturers or great quiz masters. No, the best engi- 
neering classes, as I see them, are periods for study, for solving 
problems, and, in short, for making the concepts of mathematics, 
physics, chemistry, and technology part and parcel of the student’s 
own equipment by the only method that will work; that is, by his 
own adventures in reasoning. It’s trite to say that our young 
graduates are not engineers, but it’s true to say that at least the 
best of them have so learned the use of their minds that they carry 
on, as the years go by, by the methods they learned in college. Now 
I must not be entirely destructive. I would have our engineering 
students learn not only how to attack these social and economic 
problems, but I would have them want to attack them. I might 
favor inserting several short courses on economics, sociology, city 
planning, ete., into your crowded curricula, but I would be in- 
clined to have adult and expert engineers direct these courses. 
But after the first short courses in such subjects—and I am not 
sure that I would want any of these conventional courses at all—I 
would leave a place in the last two years for reading and studying 
‘and thinking upon some specific problems in these fields. In these 
years I would have no formal classes in these fields of economics 
and sociology. Give each student at the beginning of a semester 
or quarter a definite problem in engineering-economics, or just in 
economics. Let him spend his time not listening to an array of 
theories or facts in a formal class, but, rather, preparing to write, 
and actually writing a cogent paper at the term’s end. He will 
find out theories and facts enough—never worry. But best of all, 
he will be made conscious, perhaps for the first time in his life, 
of the need for deep study on such matters, and he will employ the 
methods he has learned from his engineering teachers to try to put 
into these vague fields a bit of the scientific method. You will not 
make economists of these students, but you will at least get them 
started on a way to attack these complicated problems, and you 
will make your students more economically and socially conscious. 

I want to be temperate in my statements. No doubt there are 
many teachers of the social subjects who conduct the work for their 
students in the way I have suggested. It just so happens that I 
have known very few of them. 


‘ 
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And what I have said about these social subjects could apply 
equally to such a subject as literature. Why should a student who 
has learned how to solve differential equations have to depend 
upon a day-by-day class to get a substantial knowledge of, and 
appreciation for, good literature? Let him use a bit of his leisure 
time—and he does have a little—in completing a required list of 
good readings. He can make reports upon what he has found out, 
if you want him to do so. 

When all is said and done, we must realize that engineering 
graduates have not always turned out to be engineers in the nar- 
row sense. Many of them have not been able to rise above the rank 
of technicians ; many of them have moved into management, wherein 
their chief problems are economic and financial ones. I remember 
that once, in making some remarks to a large engineering society, 
I asked for a show of hands of those who were not at the present 
occupied with technical engineering work. As I remember, nearly 
half the hands were raised. This all goes to show that your train- 
ing is so basic that it, coupled with native ability, which many of 
your students possess, prepares them for wider fields of usefulness 
than technological employment, however important such employ- 
ment may be. It is in this group of men who are skilled engineers 
plus something more, that you will find the leaders in the solving of 
our social and economic problems. And I cannot believe that, for 
these men, some additional undergraduate courses in economics are 
going to be of much significance, unless these courses are offered in 
some such manner as I have indicated. 

Before I close I should like to dwell upon this yistave seen, as 
it were, in reverse. You recall the scornful attitude of our liberal 
arts colleges toward the corduroy and sweater wearing engineering 
student, with his woeful lack of culture. Now I think it is high 
time that our colleges of arts and sciences seek the help of their 
colleagues in engineering toward the enrichment of the arts cur- 
riculum. If your staff had the time, it would be a good thing to 
permit many college students to take some of your courses, not to 
become engineers or even technicians, but simply to learn very 
definitely how to be students. 

In thinking over what I have said up to this point, I fear I 
have not done justice to my awareness of the disjointed state of 

the world. I fear that, in centering my attention on what I think 
is the best way to handle these added studies in your curricula, I 
have unwittingly given an impression of indifference to the parlous 
state into which civilization has run. Let me hasten to say that 
I am not indifferent, and I know that you educators here are far 
from indifferent. We are in a grown up world, we are in a world 
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where industry does not seem able to take care of the army of our 
unemployed, we are in a world which has not yet found a way to 
convert our admitted abundance of natural resources into a reason- 
able basic living standard for. all men. These things we are all 
aware of. My concern tonight, however, granting our awareness 
of these difficulties, is how shall one segment of our educational 
problem be shaped so as to make at least some constructive attack 
upon them. I am weary of hearing men say that technological 
advances are moving ahead so fast that the social and economic 
structure of the remainder of the world is lagging hopelessly be- 
hind. The social-economic structure has to deal with persons ; tech- 
nology, with things. And—here is the crux of the diffieulty—you 
ean control things, so they say, but you cannot control men. Well, 
why not. Humans have always been controlled. Huey Long cer- 
tainly controlled enough men in Louisiana to arrive at a virtual 
dictatorship. Why not admit that we have to live in this world 
with human beings, instead of wringing our hands and bemoaning 
our impotence. There is such a field as public relations, and I 
would invite all of you in charge of engineering curricula to give 
thought to this field. Your engineering graduate probably needs, 
in addition to his technological training, not so much fine spun 
economic and social theory, as some experience in how to get along 
with human beings, how best to present his ideas of a new Kind of 
bridge or dam. Let me say again—human beings are reasoning 
animals. They will join to do wise things, if leaders only know 
how to present their ideas to them. 

Let me sum up briefly before I close this already overextended 
talk. I believe that the very nature of the subjects taught in engin- 
eering lend themselves to the cultivation of exact thinking. I 
believe that the very nature of economic and social problems is 
rather diffuse and that such problems do not lend themselves to the 
development of habits of exact thinking. I believe, further, that 
you teachers of engineering have learned how to be good teachers. 
You have learned that the only way a young mind can acquire use- 
ful knowledge is to work at it, not merely listen to it, with memory 
‘the chief quality leading to success. I believe that these same 
methods of study could be applied to the social sciences, but that 
they are not commonly so applied. Therefore, I have urged that 
you engineers take charge of such courses. My specific suggestion 
is that the habits of study learned in your exacting engineering 
courses be applied to these fields of the social sciences, without 
setting up formal classes. Let your students work in these fields 
as though they were working on engineering projects, each one 
requiring a period of study, investigation, and report. Good read- 
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ing in literature and in other fields can likewise be assigned as inde- 
pendent work, not left to routine classes. And, lastly, I think so 
highly of the engineering approach that I would favor employing 
it, in some measure at least, toward the attainment of an ordinary 
A.B. or B.S. degree from a college of liberal arts. The problems 
of society will be solved, if ever, by what we can call the engineer- 
ing approach. This approach uses the human mind as an organ 
to promote curiosity, trial, analysis, and judgment, and not one 
given over to the mere accumulation of knowledge of facts or 
theories. 
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NEW OBLIGATIONS IN AERONAUTICS * 


By W. F. DURAND 
Professor Emeritus, Stanford University 


I have found it difficult to know how properly to balance, before 
the S. P. E. E., a brief talk on present day aeronautics. With our 
minds absorbed by the réle which military aviation has taken in the 
present European War, some reference to this phase of the subject 
seems to be called for. At the same time, and having in mind the 
present occasion, we must not overlook the aspects which relate to 
the education and training of the young for service in this domain 
of human activity. 

In the effort to reach some kind of balance between these two — 
widely divergent phases of the subject, I shall, therefore, attempt 
first, a very brief survey of the réle of aircraft in warfare, and 
follow that by some discussion of what appear to be the major lines 
of educational training best suited for the design and production 
of this modern agency of warfare. 

What then, as to aircraft in warfare? 

We first recognize the two aspects of warfare, offensive and de- 
fensive. The major objectives of offensive warfare may be stated 
as follows: 


1. To take and hold enemy territory and this may usually include 
the defeat, and perhaps the destruction of the enemy. 
2. To destroy enemy supplies and the entire service of manufacture 
and supply. 
3. To affect the morale of the entire enemy population (psycholog- 
ical). 
4. To disorganize the conditions of normal life (physical). 
On the other hand, the objectives of defensive warfare are obviously 
to prevent the realization of these same four major objectives of 
offense. 
How then, can aircraft aid in realizing these various objectives? 
To answer this, we may ask, what can aircraft do, and to answer 
this question we may answer that aircraft can: 


1. Navigate the air under control, at speeds of say from 50 to 400 
m./h., at altitudes from sea level to say 30,000 ft.; and, 


* Presented at the 48th Annual Meeting, S. P. E. E., University of Cali- 
fornia, June 24-28, 1940. 
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radio directed, carry out missions to some extent independent 
of conditions affecting visability through the atmosphere. 
2. Carry effective loads up to several tons. 


Resulting from this, airplanes can: 


1. Carry, over enemy territory or territory held by the enemy, one 
or more observers with modern photographic equipment 
for obtaining information regarding: 

(a) Concentrations of enemy troops or movements of the 
same, with estimate of number, character and equip- 
ment. 

(b) Artillery spotting. 

(c) Locations of enemy arsenals, concentrations of supplies, 
artillery positions, machine gun nests, ammunition 
dumps, ete. 

(d) General mapping of enemy terrain. 


These missions fall under the general head of what may be 
called the ‘‘service of information.’’ Aircraft for carrying out 
such missions are called ‘‘scout’’ or ‘‘observation’’ planes. 

2. Again, an airplane can carry military loads in the form of 
machine guns, heavier quick firing guns, bombs, with operating per- 
sonnel, These bombs may weigh individually from 20 or 30 pounds 
to as much as 4,000 pounds with destructive power in proportion. 

3. Again, aircraft can transport personnel and munitions to be 
dropped by parachute, with what effect has been shown in the 
drive of Russia against Finland and of Germany against Norway 
and the low countries, Denmark, Holland, Belgium, as well as 
against France. No great numbers can be transported in this man- 
ner, that is, numbers when reckoned in comparison with regiments 
or divisions. But with the technique and strategy employed by 
the Russians and Germans in the use of these parachute troops, they 
seem to have demonstrated a definite field of effective service. 

These more direct military capabilities of aircraft have given rise 
to major types somewhat as follows: 


1. Bombers, carrying military loads in the form of bombs up to 
several tons in the aggregate. There are several subdivisions to 
this class—heavy bombers—large planes carrying the heaviest loads 
of large bombs; light bombers, smaller and perhaps faster planes 


- earrying lighter loads of smaller bombs, with intermediate grada- 


tions as to size and load; dive bombers, intended especially to loose 
their load of bombs at or near the bottom of a fast power dive. 
Again, bombs tlemselves are variously subdivided into demolition 
bombs—heavy weight and heavy charge of explosive for the maxi- 
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mum destructive, shattering effect; fragmentation bombs with the 
shell made of relatively brittle material and moderate bursting 
charge, intended to produce a large number of small flying metal 
fragments ; incendiary bombs with a charge of fierce combustible in- 
tended to start fires; and gas bombs, with purpose as indicated by 
the name. 

It may be of interest to note here that the limit velocity of an 
airplane bomb is somewhere between 800 and 900 feet per second. 
To attain such a velocity in free fall, the bomb must be released 
from a high altitude—20,000 feet or higher. But even so, the 
bomb must be considered relatively inefficient as an armor piercing 
agency compared with a shell from a high power coast defense or 
naval gun. With these latter, the striking velocity may well be 
twice the above figures with an energy per pound four times as great 
as for the bomb. Again, if a bomber goes to these high altitudes 
for release of its bombs, close target practice becomes hopeless. If 
on the other hand the bomber releases its bombs at a low altitude, 
the target practice becomes much better, but the striking velocity 
is reduced due to the shorter distance and time of fall. If re- 
leased near the bottom of a power dive, there will be at the start, 
a component velocity of the bomb derived from the plane, which, 
combined with gravity, may give it a striking velocity equal to or 
possibly exceeding that due to free fall from a much greater height. 
However, all told, the airplane bomb is relatively ineffective as an 
armor piercing projectile. Against ordinary building construction, 
its destructive capacities are almost unlimited, as shown by the 
results of the bombing in Poland, Finland, and more recently in 
Western Europe. 

2. Next in the category of military planes we have the 
‘‘Fighter’’ or ‘‘Pursuit’’ plane, carrying one or more machine 
guns, perhaps heavier quick firing guns, manned by one or more 
pilots or gunners. These planes have the highest speed attainable, 
in combination with other needful features, and are intended for 
the protection of bombers or observation planes of the home forces, 
or for offensive operations against enemy aircraft of all types. 
There are special types of these fighting planes such as the ‘‘In- 
terceptor,’’ with specially fast climb, intended to meet, intercept 
and fight enemy bombers or other enemy aircraft; or again ‘‘ At- 
tack’’ planes carrying light bombs, several machine or heavier 
guns, and intended especially for operations against troops on the 
ground. 

3. And then, mention should be made of transport planes in- 
tended for the carrying of troops or munitions, with objectives re- 
— to earlier and so well demonstrated in the present European 

ar. 
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Thus far, the view has been from the side of offensive warfare. 

Brief note may be taken of the situation from side of defense. 

First, for defense against scout or observation planes, there is 
the pursuit or fighter, and the anti-aircraft gun. 

Then against the bomber, defensive measures comprise, the pur- 
suit, fighter, or interceptor plane; anti-aircraft guns; detection by 
search light or acoustic methods; captive balloons with wire en- 
tanglements; camouflage; blacking out and offense against enemy 
bases. 

Against planes of the fighter, pursuit, or attack type, the only 
defense is by way of planes of the same general category—or again 
by anti-aircraft guns. 

Transport planes with ‘iettaitiiie troops will normally be accom- 


. panied and defended by fighters or light bombers and the defense 


against this combination must, therefore, be planes of the same 
fighting types. 

This is, indeed, a very sketchy and inadequate account of the 
functions and characteristics of aircraft in offense and defense, but 
time hardly serves for further development of other interesting 
features in fuller detail. 

We may next inquire as to the make up of military aircraft from 
the engineering viewpoint. Here we may distinguish four major 
divisions of engineering technology : 


1, Aerodynamics. 

2. Structural engineering. 

3. Mechanical engineering (power plant). 
4. Military engineering (armament). 


The sustentation and behavior of the plane in the air depend, 
in the most fundamental fashion, on the laws of aerodynamics. This 
is a branch of the broad domain of fluid mechanics which, only dur- 
ing the years of the present century, has come into its present form. 
The air is a fluid, the plane is a solid, and in operation we have all 
the varied phenomena exhibited by a solid and a fluid in relative 
motion. | 

Again, the plane is a structure, complex in form and in which 
there is a most urgent, nay, an insistent demand for minimum 
weight consistent with structural safety and other needful char- 
acteristics. The material comprising the structure may be viewed 
under the two heads: 


1. Material contributing directly to and upon which the structural 
strength and safety of the plane depends. 

2. Material not contributing directly to the structural strength of 
the plane, but needful for other purposes. 
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The ideal aims, of course, to reduce the weight of the second 
category to the minimum, and to so distribute and proportion the 
former that it shall all be working at or near its safe working stress. 

These ideals cannot be fully realized, and the effort of approach 
taxes fully the resources of the domain of structural engineering. 

But the plane must be capable of movement under control, and 
movement implies a propulsive unit comprising engine and pro- 
peller. The design of the latter falls under the general head of 
aerodynamics; but the former, the engine, brings in the broad do- 
main of mechanical engineering, dealing, as it does, with the theory 
and practice with internal combustion engines and the fabrication of 
the same. 

And then, superimposed on this, is the military armament, in- 
volving in its design, construction and operation, varied phases of 
the broad domain of military science and military engineering. Of ~ 
this latter phase, I shall say nothing further. Instruction in the 
distinctly military phases of the use of aircraft will always, I as- 
sume, lie aside from the main interest line of the S. P. E. E. But 
there is quite enough without this to challenge our best efforts. 

Thus if we consider the other three domains listed, we have 
Aerodynamics as a special elaboration in the field of fluid me- 
chanics; the mechanics of structures; and mechanical engineering, 
with special reference to the internal combustion engine. 

With the intense and narrow specialization which the modern 
industrial requirements of our economic state have forced upon us, 
no one individual can be expected to become equally a leader or 
guide in these three domains of technical activity. An expert in 
one and a broad understanding of the relations of his own field to 
the other two and of them to each other, appears to be all that can 
be expected. 

Thus the aerodynamicist, to use a recently coined word, must 
be depended on to plan the design with reference to the form, 
proportions and dimensions best suited to the special requirements 
of the case, and likewise, to furnish the structural engineer with 
the loads which the several parts of the structure will be called on 
to sustain; and again to determine the power which will be re- 
quired for the speed desired, and all other conditions which may 
affect the design or selection of the power plant. He must also 
determine and plan all features of the control of the plane, with 
regard to balance and stability under the conditions of operation 
in the air. 

Next, if we turn to the structure itself, we find most com- 
plicated forms and structural relations. Loads carried by girder 
structures, by struts, by ties, by thin skin elements of the struc- 
ture and by fastenings. The most advanced features of structural 
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analysis here come into use for the determination of the safe 
dimensions for carrying the loads allotted by the aerodynamicist ; 
and all under the compulsion of making, so far as possible, every 
pound of material incorporated into the structure take its full 
share of the load and thus reduce the actually working material to 
the lowest possible figure of weight—and again, the reduction of 
the non-working parts of the structure to the irreducible minimum 
—all because a pound of material saved means more fuel carried 
and a larger range, or more power and a higher speed, or more 
armament and hence increased fighting power, or some combina- 
tion of these significant features. 

Then, passing on to the third domain of activity, we have the 
power plant of the machine, which as we know, is built around the 
internal combustion engine with its domain of thermodynamics, and 
again of structure and fabrication. 

Going back now to the aerodynamicist, what training does he 
need in order to keep abreast of the modern trend of development? 
To this question we may say that a ready reading of the present 
day literature of the subject will require some degree of familiarity 
with many mathematical disciplines and topics lying beyond the 
more usual range of college curricula; such as partial differential 
and simultaneous differential equations; functions and manipula- 
tion of the complex variable; vector analysis, two or three dimen- 
sional; conformal transformation; Fourier analysis; hyperbolic 
functions; spherical harmonics; circular integrals; Cauchy’s resi- 
dues ; potential theory ; ete. 

No student of aeronautic engineering, in a four, five or even 
six year course, can attain to what might be called a working 
acquaintance with these various subdivisions of the domain of 
analysis; nor indeed is this necessary. The essentials can be pre- 
sented within a much smaller framework of mathematical disci- 
plines; but it follows, none-the-less, that the broader and better 
the grasp of mathematics, especially in its relation to space analysis, 
the more effective will be the grasp of the student of the more 
modern developments of fluid mechanics in their application to 
the behavior of an airplane in motion through the air. 

In short, the training of the aerodynamicist for effective service 
in the design of modern aircraft requires the best mathematical 
training practicable, followed by courses suited to the study, by the 
aid of these disciplines, of the laws and guiding principles which 
appear to control the behavior of a structure, such as an airplane, 
in relative motion with a body of air. 

Likewise the structural engineer should be well grounded in 
mathematics including differential equations and some vector an- 
alysis. His domain of activity stems primarily from the theory of 
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elasticity and its application to the behavior of various structural 
forms or combinations of forms under varied types of loading. The 
student here will not have too much mathematics. In general he 
will not have enough, but the more he has and the wider his famili- 
arity with modern methods of structural analysis, the more efficient 
will he be in his task of making the structure strong enough, with 
the minimum of redundant material and with the resulting mini- 
mum of structual weight in relation to the total load carried by the 
plane. 

Again the mechanical engineer, dealing with the engine, needs 
familiarity with thermodynamics in its ramifications, and this 
means mathematics and again more mathematics, as with his broth- 
ers dealing with aerodynamics and structure. Again there are 
many difficult problems relating to engine structure and to dynamic 

‘balance, calling likewise for mathematical treatment by means of 
advanced disciplines in this broad field. 

I have not meant to imply, by this hasty analysis of the re- 
quirements suited to effective service in aeronautic design, that no 
one aside from a mathematical wizard can hope to qualify. What 
I do mean is that a man equipped and familiar with these mathe- 
matical tools and with some fair share of common sense and bal- 
ance, will be more effective and will go further than his fellow with 


similar equipment otherwise but without such mathematical train- 


ing. 

It is also a fact that the number of positions in the aircraft 
industry where this highest type of technical and mathematical 
training will find full scope, is relatively small. The number 
where men with a somewhat lower order of advanced training can 
make good is very much greater. They function as followers 
rather than as leaders. They may use effectively the formula de- 
duced by the leader but need not, in themselves, be able to repro- 
duce the work of the leader. 

All of this means that any technical school or college furnish- 
ing courses in mathematics at least through calculus, courses in 
physics and chemistry in mechanics, structural analysis, thermo- 
dynamics and machine design, and with the addition of a teaching 
personnel familiar with the application of these various desciplines 
to the special problems met with in aeronautic design, can hope 
confidently to train students for useful service in the broad domain 
of aeronautic engineering. 

The problems relating to aircraft fabrication and production 
are less distinctly aeronautic in character. They fall rather into 
the general category of the problems of technical processes and of 
industrial production. With the limited time at our disposal, I 
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make no further mention of this phase of the work of aircraft pro- 
duction. 

Similarly with the operation of the airplane, we enter an en- 
tirely new domain of activity. The training of the pilot calls for 
a highly specialized type of training for which the technical school, 
as a rule, is not equipped. This part of the broad field of training 
for aeronautic activity may better be left to the schools specially 
manned and equipped for this purpose. 

In conclusion we may feel assured that the technical schools of 
the United States have now a vast reservoir of potential training 
for useful service in the field of aeronautic design. The greatest 
lack is personnel, adequately trained as teachers, to interpret the 
disciplines and facilities for instruction now available in these in- 
stitutions, into the special lines required in aeronautic design. A 
civil engineer or mechanical engineer is not, by that fact alone, an 
aerodynamicist or an aeronautic engineer. 

Again we must not forget that, from the standpoint of indus- 
trial production, the output of the most highly trained experts in 
aeronautie engineering might possibly be overdone. In these days 
of mass production and repeat orders, relatively few front rank 
leaders will be sufficient for all requirements in the production of a 
very large number of units of production. 

And finally, I am confident that the aircraft industry in the 
United States can look with assurance to our facilities for technical 
instruction, for all needful supplies of new personnel in the general 
domain of research and design; domains in which the technical 
school can reasonably hope to play some effective part in the safe- 
guarding of our country from enemy attack by way of the air. 
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PROMISE: ITS DEVELOPMENT AND DISCOVERY 
IN THE YOUNG ENGINEER * 


By JOHN R. BANGS, JR. 


Professor of Administrative Engineering, Cornell University 


The irrepressible George Bernard Shaw once said: ‘‘ Youth is 
a wonderful thing. What a crime to waste it on children!’’ He 
might well have said the same thing about promise, because promise 
is the peculiar possession of youth. Promise implies imagination, 
vision, growth—and a future. Promise discards such time-worn 
and false doctrines as the so-called ‘‘niche theory’’ which would fit 
**a square peg in a square hole and a round peg in a round hole.”’ 
Promise tends rather to view a person, particularly the young tech- 
nical graduate, as a changing combination of talents, interests, and 
habits as dynamic as a flowing stream of water requiring constant 
analysis, evaluation and direction. The young engineer’s indus- 
trial future is neither static nor preordained. Like a stream, it 
may rise and increase in volume to overflowing; or, it may dwindle 
away and disappear. 

As we watch the flow of this stream of talents, interests, and 
habits past our classrooms and laboratories shortly before gradua- 
tion, it becomes readily apparent that the young engineer of prom- 
ise must be either a genius, or he must have the ability to work with 
others. A genius has been defined as the man who never makes 
the same mistake once. He is rare; industry can use him only in 
limited numbers. On the other hand, it requires in large numbers 
young men who can work with others; and it would seem that the 
vast majority of young engineers will make their marks in life by 
working effectively with other people. 


THe YounGa ENGINEER Is ALMOST NEVER DISMISSED BECAUSE OF 
TECHNICAL INCOMPETENCE 


The importance of this ability to work with others was brought 
home to me in no uncertain terms as I tabulated the results of the 
questionnaire which form the basis of this paper. In answer to 
the question, ‘‘How often do you find it necessary to dismiss the 
young engineer because of lack of technical competence?’’, indus- 


* Presented at the 48th Annual Meeting, 8S. P. E. E., University of Cali- 
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try replied, with amazing uniformity, ‘‘ Almost never.’’ Appar- 
ently we in engineering education have done such an excellent job 
in training the young engineer, that almost never does modern in- 
dustry find it necessary to dismiss the product of our classrooms and 
laboratories because of lack of technical knowledge. 

I fully appreciate the dangers in drawing sweeping conclusions 
from any group of data. For organizations such as our great re- 
search laboratories where the technical qualifications are unusually 
high, this statement must be suitably qualified. However, for a 
large number of organizations, certain facts are clearly defined. 
Industry compliments engineering education on having done an 
outstanding job in developing technical proficiency. It implies, 
nevertheless, that we should now consider further the stream of 
talents, interests, and habits of the young engineer with a view to 
giving more direction to the personal side. 


Tue IMPORTANCE OF THE PERSONAL SIDE 


I am frank to confess that I have found it difficult to appreciate 
the tremendous importance that industry attaches to the personal 
qualities of our graduates. Many of us, in our zeal to perfect tech- 
nical training, entirely overlook what industry considers of funda- 
mental importance. My first reaction to President Cullimore’s 
request to consider ‘‘the desires of industry from the personal side’’ 
was that there could be no reason for taking your time when 
seemingly more important technical matters might more appro- 
priately be presented. However, Mr. Cullimore’s persistence and 
enthusiasm caused me to accept the assignment, and I am happy to 
say it has taught me a very real lesson. The information which I 
received, and the contacts that I made in the course of my study, 
will serve as a constant source of enlightenment for years to come. 

In the process of my investigation I visited an electrical manu- 
facturing company, where I was told the story of a young technical 
graduate who had been working faithfully at his job for some time, 
when it occurred to him that his services were worth more than the 
salary he was receiving. Shortly thereafter, the opportunity pre- 
sented itself for approaching the boss, so he asked for an increase 
in salary. ‘‘What have you done to merit a raise?’’ countered the 
boss. ‘‘I have a good technical training; I am honest, loyal, and I 
work hard,’’ replied the young man. To this his superior re- 
sponded in a cold, matter-of-fact tone: ‘‘ Those are the reasons why 
I don’t fire you!’’ 

Even if the story is mythical, its implications are very real. 
When industry looks for promising material, it has certain mini- 
mum qualifications in mind. It expects sound, technical training; 
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it likewise hopes to obtain certain qualifications on the personal 
side over and above those homely virtues enumerated by the young 
engineer in the story. 

These ‘‘certain other qualifications,’’ which make it possible for 
one to work in harmony with others, are legion in number. They 
cannot be summed up better, however, than was done recently by a 
Committee of the American Council on Education. Early in 1938, 
this body called together a group of 33 industrial leaders and edu- 
cators to consider the common problems which face schools and 
colleges on the one hand, and business and industry on the other. 
After much discussion, the principal issues were finally crystallized 
in the following question: ‘‘Is it possible fo select personal qualifi- 
cations most essential for and most desired by modern industry, 
and to define and to describe the qualities in such a way as will 
serve as a definite goal for attainment by students and by institu- 
tions throughout the period of education and training?’’ 

Meeting again in June 1939, the Committee formulated its 
answers under ten principal headings which, in my judgment, are 
excellent indicators of promise. These qualities, together with 
other findings and conclusions, have now been published in a 
pamphlet entitled ‘‘Wanted a Job,’’ which has been widely circu- 
lated, and doubtlessly read by many of you. Addressing itself di- 
rectly to the student, the report oo the following qualities as being 
of prime importance: 


1. You Should Be a Person of Character. 

2. You Should Like to Work. 

. You Should Have Initiative. 

. You Should Be Intelligent. 

. You Should Have Good Judgment. 

. You Should Get Along With People. 

. You Should Be Healthy. 

. You Should Have a Pleasant Appearance and Manner. 

. You Should Have Vocational Objective and Ambition. 
10. You Should Be Prepared to Accept Your Social and Com- 

munity Responsibilities. 


These expressions of desirable qualities, in my judgment, speak 
for themselves. The fact that they were formulated by the co- 
operative efforts of some of the best minds in education and indus- 
try lends dignity and authenticity to their being. They seek ‘‘to 
specify those principal elements of character, conduct, and com- 
petency that, for the vast majority of men and women coming from 
our colleges and technical schools, will be influential, if not con- 
trolling factors in the making of a satisfying career.’’ 
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TANGIBLES AND INTANGIBLES 


In the process of evaluating these qualities, excellent work has 
been done in the development of rating scales, intelligence tests, 
interest inventories, and temperament scales. I am referring, par- 
ticularly, to the outstanding contribution of our Pacifie Coast 
friends: Dr. Terman in Intelligence; Dr. Strong in Interest Inven- 
tories; and Drs. Humm and Wadsworth in Temperament Scales. 

Even with the aid of such splendid techniques for rational evalu- 
ation, certain traits will always be difficult to appraise. The rea- 
sons for this become increasingly evident as we eliminate outstand- 
ing persons and begin a consideration of those more or less normal 
beings whom we commonly refer to as ‘‘average.’’ In other words, 
while we may readily appraise such qualities as initiative, judgment, 
the ability to get along with people, appearance and manner, and 
others in outstanding individuals, when such traits of character 
and personality are blended together in the normal individual, they 
become so difficult to evaluate that they are frequently classed as 
intangibles. 


THE IMPORTANCE OF PERSONALITY 


Because of such dfficulties the more or less intangible word ‘‘per- 
sonality’’ finds wide use in college placement circles, for personality 
is but a synonym for what a man is. Its intangibility was aptly 
expressed by the late Charles M. Schwab when he said, ‘‘ Personal- 
ity is to the man what perfume is to the flower’’; and its importance 
is rated by Dr. John H. Caton of Chrysler Institute as ‘‘at least 
50 per cent of all we do.’’ It alone cannot carry a man far with- 
out the aid of other sound, underlying qualities. But none can dis- 
pute that personality plays a most important part in all achieve- 
ment. 

In reply to certain questions concerning the personal qualifica- 
tions of young engineers, I received a letter from the Chrysler Cor- 
poration which indicates in striking fashion the importance of per- 
sonality in achieving technical prominence. The letter reads in 
part: 


“ Probably the best example in our engineering department of the man 
who has made great progress through personal characteristics is that of 
Mr. Frederick M. Zeder, the head of our engineering department and vice 
chairman of the board of directors of the Chrysler Corporation. His 
progress can probably be attributed to a wonderful personality and his 
ability to organize other men to do the work to a much greater extent than 
to his own technical knowledge. 

“Going down to the other end of the list,” the letter continues, “ and 
taking a fairly recent graduate from our training course, there is Mr. 
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George Huebner, who is now technical assistant to Mr. Carl Breer, vice 
president of Chrysler Corporation, and the man who primarily sets up our 
experimental and research work. In the case of Mr. Huebner, I would 
again say that personality and personal characteristics have had much more 
to do with his progress than any special technical knowledge on his part.” 


Only too frequently young men who, by most accepted stand- 
ards, are splendid material for future growth fail to live up to 
their initial promise. Why? Usually because they cannot get 
along with their associates; because they fail to codperate. A flea 
and an elephant walked side by side over a bridge. After they 
were on the other side, the flea said to the elephant, ‘‘Boy! We 
sure did shake that bridge.’’ We is the word in industry today, 
for industry is a codperative undertaking. There is no denying 
the fact that the success or failure of industry depends largely upon 
the codperation of its personnel, and the young man who fails to 
fit in quickly with his fellows is handicapped from the very start. 
Mr. C. T. Reid of Douglas Aircraft Corporation puts it this way: 
‘‘Industry expects the young graduate to come in with a lot of 
fundamental technical knowledge, but without an over developed 
sense of self importance.’’ 

Industry obviously is seeking the well balanced individual: one 
whose stream of talents, interests, and habits is combined in the 
right proportions. It rarely forms snap judgments on some one 
quality alone, but rather it tends to view an individual as a whole, 
considering both tangibles and intangibles, in an effort to justly 
evaluate his mind and body as well as his personality. Industry 
must exercise care. Personality with charm, but without adequate 
thinking, may be dangerous; adequate thinking, on the other hand, 


without personality, may be impotent. 


CoMMON SENSE AND A TECHNICAL EDUCATION 


Industry frequently inquires for young men of common sense. 
As a matter of fact, this particular characteristic was mentioned so 
often in the returns to my questionnaire that I shall seek to indi- 
cate its importance by repeating one of Dr. Compton’s famous stor- 
ies. It seems that a lady living in India was having some wiring 
done in her house by an Indian electrician. He seemed to require 
an unnecessary amount of direction. He came to her over and over 
again with requests for instructions as to what to do next, and so 
forth. Finally, in exasperation, she said to him: ‘‘ You know what 
I want to have done. Why don’t you use your common sense and 
go ahead?’’ He got up, made a very grave, courtly bow, and said, 
‘‘Madam, common sense is a rare gift of God. I have only had a 


technical education.’’ 
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If industry can find young men who have this ‘‘rare gift of 
God’’ and a technical education at the same time, then it has ma- 
terial of real promise. 


Ir is HUMAN NATURE TO REsist CHANGE AND TO RESENT CRITICISM 


Many of the difficulties experienced by even our most promising 
young engineers revolve about their inability to appreciate certain 
deep-rooted aspects of human nature. Prominent among these is 
the tendency to resist new ideas. There seems to be a strange men- 
tal insulation on the part of mankind against change. Like the 
stream again, most turbulence occurs where the direction of flow is 
changed. Hundreds of years before the automobile and airplane, 
the turtle had a stream-lined body, a turret top, a retractable land- 
ing gear and a portable house. Yet only within comparatively 
recent years have these features been incorporated in our vehicles. 
Prejudice, habit, and custom have put rings in our noses and led 
us through life. It is so comfortable to rest on one’s oars and look 
backwards into the past; it takes hard work and real thinking to 
evaluate new ideas and to peer into the future. As a result of 
this tendency, many persons are like the fabled ‘‘woofus bird’’ 
which flies backwards so that it can see where it came from. 

The young engineer, equipped with a splendid technical train- 
ing and embued with an enthusiasm for applying it, runs counter 
almost immediately to this fundamental human trait. He meets 
it in the shops, in the field, in the laboratories and engineering de- 
partments, and even in the higher administrative levels. Appar- 
ently, progress is only made under protest. History is rich with 
illustrations. 

As late as 1903, Simon Newcomb, a well-known dean of science, 
wrote: ‘‘May not our mechanicians be ultimately forced to admit 
that aerial flight is one of that great class of problems with which 
man can never hope to cope and give up all attempts to grapple with 
it?’’ Thirty-five years later, Howard Hughes flew around the 
world in less than four days. 

In 1911, when Charles F. Kettering sent his experimental model 
of the self-starter to Cadillac engineers, they laughed at him, say- 
ing: ‘‘ Every one knows that it would take far too much horsepower 
to turn over a motor of the cubic displacement of ours.’’ Mr. Ket- 
tering merely smiled and quietly responded: ‘‘I crank one every 
morning and I’m no horse.’’ We, today, all know what the tact, 
sense of humor, and persistence of this remarkable scientist has 
done for the automobile industry, His famous remark that it takes 
four years to get a new idea across to a board of directors is indica- 
tive of the fact that inertia against change may be encountered even 
in the higher administrative levels. 
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Closely associated with this inclination to resist new ideas is 
the tendency to resent criticism. This, too, is a very common hu- 
man reaction. Let someone criticize your favorite laboratory, reci- 
tation, or lecture course and note how your anger rises. Even 
when this criticism is given with the intent to be helpful, it is still 
difficult to withhold a certain amount of resentment. 

It so happens that by the very nature of his first assignment, 
the young engineer runs almost immediately counter to both inertia 
to change, and resentment to criticism. As a general thing, he is 
totally at sea. Usually he attempts to put over his ideas in a man- 
ner almost certain to arouse resentment. He fails to appreciate 
that so much depends upon the manner in which he presents his 
ideas to the men in the ranks. Just as in good teaching: 


‘“Men must be taught as though you taught them not; 
And things unknown proposed as things forgot.’’ 


What would happen if a young engineer definitely appreciated the 


_ importance of the tendency to resist change, and to resent criti- 


cism; and approached his industrial labors with a determined re- 
solve to avoid them? I have often wondered. Now I have a con- 
crete example to give you. 


Wuat Ons YounGa ENGINEER ACCOMPLISHED BECAUSE HE STUDIED 
Human NATURE 


About fifteen years ago a young mechanical engineer named 
Allan H. Mogensen graduated from Cornell University. As an 
undergraduate he developed a professional interest in the motion 
picture camera; he saw tremendous possibilities for its use in in- 
dustry to eliminate wasted time and effort. Following a brief career 
in teaching, he became associated with a leading industrial maga- 
zine as assistant editor. In this capacity he began to learn how 
the man in the shop offices and administrative levels reacted to new 
ideas and how resentful he was of criticism. He found, however, 
that often a simple suggestion caused a person to pick up a thought, 
and to develop it as an idea of his own. 

This set him thinking, caused him to give up his job as assistant 
editor, and to begin to apply his ideas as a consultant in industry. 
He realized at once that management experts brought in from the 
outside of an organization were placed immediately at a disadvan- 
tage. Foremen and workers resisted the new ideas; resented the 
implied criticisms. Reversing almost completely the common meth- 
ods of procedure, Mogensen instead of making or suggesting changes 
himself, taught the foremen and workers certain principles of mo- 
tion economy and work simplification through a company training 
program. 
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These programs included motion pictures of various manufac- 
turing processes showing savings made in other plants. Some 
films showed certain obvious discrepancies in processes performed 
not in the company plant but in other plants. In this way the local 
group was challenged to pick them to pieces; and, incidentally, 
caused many workers to think of improving their own procedures. 
Often a foreman or worker would devise a better method for per- 
forming his job. Mogensen would then film the work procedure 
before improvement and after, giving all credit to the man making 
the change. It became, to use Mogensen’s own words, ‘‘a picture 
of praise ; not a picture of criticism.’’ - 

The success of this approach has been so remarkable that in 
1937 Mogensen was awarded the Gilbreth Medal for distinguished 
contribution to management; in the March 1940 issue of Reader’s 
Digest, William Hard, noted Washington correspondent, described 
the industrial projects, which Mogensen has initiated throughout 
the East and Middle West, as ‘‘ Adventures in Industrial Citizen- 
ship.’” When Mogensen lectured to my group at Ithaca last month, 
I asked him how we might impress the undergraduates with the 
importance of such human relations problems. He replied: ‘‘I 
hope the engineering colleges will include more work in human re- 
lations. The case demonstration method as employed by Professors 
Elliott Dunlap Smith at Yale and F. Alexander Magoun at the 
Massachusetts Institute of Technology is very effective in teaching 
young men these principles. I hope to film one of Professor Smith’s 
demonstrations in sound in the near future. It would be invaluable 
for use in my training course for junior and senior executives.’’ 


EpucatTion’s Front Linge Executives 


When Herbert Hoover was undertaking the gigantic task, in 
1921, of saving 160,000,000 demoralized Russians from starvation 
and typhus, a friend standing with him before a wall map of Rus- 
sia wondered if and how the job could be done. Mr. Hoover re- 
plied: ‘‘It is just a question of finding a hundred and fifty able 
men.”’ 

Like Mr. Hoover, industry faces the task of finding able men; 
young men of promise; young men who will become the technical 
and administrative leaders of tomorrow. There are Schwabs, 
Chryslers, and Ketterings in the making today, and the probabili- 
ties are that they will be developed in our modern colleges of engi- 
neering. How may industry discover them? Not always by the 
time-honored methods of the dean’s office or the personnel depart- 
ment ; not always by grades, activities, and other commonly accepted 
measures of promise. Frequently there are intangibles which 
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defy the grade sheets or the rating scales. And how may these 
intangibles be revealed? I do not believe it can be done better 
than by utilizing the experience of what I am pleased to call ‘‘edu- 
cation’s front line executives’’—the instructors and young assist- 
ant professors and those professors and department heads who are 
in active contact with the student. They are the men on the firing 
line of engineering education; they are the developers of promising 
material. And who should be better qualified to evaluate it? 

The procedure of one organization, with whose personnel work 
I am intimately acquainted, will serve to illustrate my idea. I once 
asked the personnel director of this company if there was not some 
philosophy by which industry might be guided in selecting and 
placing technical graduates. He replied: ‘‘It should be the aim 
of industry to place the young engineer in a line of work which 
will bring into constant play his outstanding characteristics.’’ It 
was only when I began to wonder how these outstanding character- 
istics might be discovered at the point of hiring that I began to 
study his procedure. He appeared in the fall before the begin- 
ning of the active recruiting season; became intimately acquainted 
with many of the faculty; gave, as the result of special invitations, 
lectures to junior and senior classes, and otherwise made himself 
persona grata to all concerned. 

Then he visited the dean’s office and obtained the cumulative 
scholastic record of every graduating engineer. Armed with a list 
of the prospective graduates, he next called upon ‘‘education’s 
front line executives’’ and obtained those intangible qualities that 
are rarely recorded in the dean’s office, or the personnel director’s 
office. Live young instructors, rotating class advisers, assistant 
deans, and others intimately associated with student problems be- 
eame his sources of information. They told him who were the 
geniuses, the classroom and campus leaders, the independent think- 
ers, and the down-to-earth purveyors of common sense. On the 
basis of information thus received, he made up his list of promising 
material. Many of these young men he interviewed and hired dur- 
ing the spring recruiting seasons; others came to his office in years 
following graduation. 

The technique of utilizing the experience of engineering educa- 
tors on the firing line is, in my judgment, one of industry’s most 
fruitful methods for discovering promising material. I recognize, 
of course, that such a plan widely adopted by industry might throw 
too great a burden upon the engineering teacher, and might even 
seriously interfere with senior teaching schedules during the spring 
months. However, when employed in codperation with a well 
ordered personnel department, which would make it possible for 
industry to contact key faculty members with a minimum loss of 
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time to both parties, the plan offers many real advantages. The 
faculty, after all, is the heart of the engineering institution, and 
we may point with a real feeling of pride to many examples of in- 
structors and professors who have helped develop, evaluate, and 
direct young men of promise. To those of you (and I feel there 
must be many) who have had the great satisfaction of guiding a 
young man into his life’s work, I need not elaborate this point. 
However, I hope you will permit me one illustration. 


RIvers OF PROMISE: OCEANS OF INDUSTRIAL OPPORTUNITY 


Some years ago when the late Dean Diederichs was an assistant 
professor, a young man named Thomas Midgley began to cut un- 
usual capers while an engineering student at Cornell. This young 
engineer was continually straying from the beaten paths of the 
curriculum; he dreamed of high powered automobiles and air- 
planes; he made frequent excursions into the realms of physical 
chemistry. During these exploits he repeatedly incurred the wrath 
of his teachers; often he found himself on the verge of having his 
formal engineering education terminated. Diederichs, however, 
appreciated the intangibles of Midgley’s ability and personality. . 
Time and again when the Midgley stream of abilities and tempera- 
ments overflowed its educational banks, and threatened to cause 
disaster, Diederichs headed it in the right direction. The fact 
that Midgley relatively early in his career gave the world Ethyl 
gas, is, in no small measure, due to the effective guidance of Her- 
man Diederichs. Not so long ago, Midgley discovered the new non- 
toxic, non-inflammable refrigerant dichlorodifluoromethane and, 
even though he was graduated as a mechanical engineer, he was 
awarded the Perkins Medal acclaiming him one of the outstanding 
chemists in the United States. 


THE Best BraINS—IN COMBINATION WITH OTHER QUALITIES 


I sincerely hope I have suggested a balanced program of what 
industry considers promising material. It is so easy to be mis- 
understood, misquoted or misinterpreted. Promise, if I may re- 
peat, implies a changing combination of talents, interests, and habits. 
In this changing combination, most assuredly there must be a rea- 
sonable proportion of good sustained scholastic effort evidenced by 
good grades. But, there must be other factors in the stream to 
keep it at a normal level, and to direct it. 

The representative of a major chemical industry writes: ‘‘The 
best brains available in the majority of cases must be presented in 
combination with other qualities.’’ And from a large oil company 
comes the observation: ‘‘We give preference to those who have 
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taken the greatest advantage of the opportunities which have been 
available to them in their scholastic work, summer work, and ex- 
tra-curricular activities. We recognize scholastic attainment, but 
it is by no means the only determining factor in hiring men for all 
posts of our organization.’’ The answer to your unasked question, 
‘‘Does industry consider scholars promising material?’’, can be 
given with an emphatic ‘‘Yes! But in combination with other 
qualities.’’ 


DIRECTING THE STREAM 


Apropos of this tendency on the part of both education and in- 
dustry to observe the man as a whole—to study his personality, and 
his body as well as his mind, and to evaluate the intangibles of his 
entire being—is a quotation appearing above the entrance to the 
Hall of Man at New York’s famous World of Tomorrow. It reads: 


Man wonders over the restless sea, 
The flowing water, 

The sight of the sky, 

And forgets that of all wonders 
Man himself is the most wonderful. 


And, let us not forget that the direction of this flowing stream of 
the young engineer’s talents, interests, and habits, is very much 
the responsibility and the opportunity of the engineering teacher. 
It is he who guides this stream through the rapids of its educational 
adjustment; helps it skirt the waterfalls and pools of stagnation; 
adds to it hidden springs of inspiration and branches and tribu- 
taries of additional learning. As he watches this stream grow into 
a river of promise, he gains a satisfaction difficult to measure and 
describe. If he can further guide this river on to the ocean of 
industrial opportunity, he will most effectively serve society. And, 
it is my hopeful suggestion that industry may integrate this engi- 
neering educator more thoroughly into its industrial personnel pro- 
gram. 


DISCUSSION 


By ROY J. HEFFNER 
Assistant Personnel Director, Bell Telephone Laboratories 


I sincerely appreciate the honor that has been accorded me by 
Professor Bangs in permitting me to discuss his paper. That man, 
however, has ‘‘let me down.’’ He promised that he would present 
some points with which I might violently disagree, thus affording 
me an opportunity to try to dissuade you from concurring with 
what he has said. Quite unintentionally, no doubt, but neverthe- 
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less definitely, he has failed to include anything with which I can 
work up a serious quarrel. I am compelled to state that I think 
he has presented some wholesome thoughts in a very interesting 
manner. 

In beginning a discourse of agreement rather than disagree- 
ment, the first thing with which I agree is his idea that engineering 
graduates should have technical education plus. Possession of 
each of the ten characteristics that he has quoted from the conclu- 
sions of the American Council on Education is unquestionably 
desirable. I do believe, however, that from this list I would pick 
the quality of good judgment as being, for engineering graduates, 
even more of a technical qualification than it is a personal one. 
It is difficult to imagine the attainment of technical proficiency in 
the absence of good judgment. In the comments that follow I 
shall, with your permission, include judgment as a technical quali- 
fication. 

No matter how sincerely we all appreciate the value of these 
personal attributes to any person, young or old, we recognize that 
in the case of the engineering graduate the possession of a sound 
and fundamental technical education is the primary consideration. 
When an industry specifies that a new employee must have an 
engineering education it is because of a belief that that type of 
training will either be required or will be exceedingly useful to 
him on the jobs that lie ahead. In many types of industrial work, 
personal shortcomings will be overlooked if a man is proficient 
technically and has the ability to apply his knowledge effectively. 
There are limits to all things, and simply because this tolerance 
exists, a student should not handicap himself by neglecting to 
develop desirable personal characteristics. 

Professor Bangs makes the point that he believes young engi- 
neers are not often dismissed because of technical incompetence. 
In that regard, I have looked up the cases of the small number of 
new men who have proved unsatisfactory on jobs in Bell Telephone 
Laboratories during recent years. The record shows that about 
two-thirds of those that failed were in some manner technically 
deficient; about one-sixth had shortcomings which were in nature 
partly technical and partly personal; and the remaining one-sixth 
lost out for reasons which involved characteristics wholly personal. 

These figures need interpretation. In the first place, the tech- 
nical demands of our particular work are high and a person who 
does not fit well with us may be all right in some other field of less 
rigid requirements. In no sense, therefore, do I offer this informa- 
tion in dispute of Professor Bangs’ hypothesis that engineering 
educators are doing a good job in their technical training. As a 
matter of fact I think they are. Moreover, when we say that a 
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man has failed technically, we are not always sure whether that 
failure is due to a lack of technical knowledge itself, or to an in- 
ability to apply it effectively—in other words, to turn out the work, 

Upon numerous occasions we have happened to hire classmates 
from the same engineering course in the same college. Presumably 
both have been subjected to the same type and amount of instrue- 
tional effort on the part of the college faculties. One man fails; 
the other makes good. Both have good scholastic records, which 
seems to indicate that both have learned what has been presented 
to them; but in some way, one has developed the ability to apply 
his knowledge to an actual job and to get things done, while the 
other does not seem to be able to do it even though he strives long 
and hard. Failure has occurred in some instances where the man 
has assured us that he is exactly where he wants to be in so far as 
type of work is concerned. In spite of such assurance, it is our 
practice to try him on other kinds of work before we finally con- 
clude that he does not belong with us. Where the man’s defect 
appears to be one of technical incompetence, it is interesting to note 
that in very few cases has a transfer to another branch of our 
activities helped him appreciably. Where the trouble has been on 
the personal side, transfers have often worked out satisfactorily. 

I personally feel that college faculty members can aid their stu- 
dents tremendously in this problem by implanting in their minds 
the realization that if they are going to earn their living as engi- 
neers they must be able to apply the principles that they are 
learning ; and by using illustrations of specific application of theory 
wherever practicable. This subject could be discussed indefinitely, 
and I am sorry that time does not now afford us the opportunity. 

Industry is often charged with being too zealous in its insistence 
upon high scholastic standing on the part of the engineering grad- 
uates that it employs. It is true that by so doing we may miss the 
talented student of the type Professor Bangs has mentioned, whose 
extracurricular ventures have demonstrated outstanding abilities 
in certain lines, but whose over-all scholarship has not attained a 
very high average. If so, we shall always welcome his being 
brought to our attention. 

We do have, as you all know, statistical data, at least with 
respect to the telephone business, indicating that, in general, the 
man with high scholarship has a greater likelihood of succeeding 
than does his lower-rated contemporary. Our principal reason, 
however, for checking a student’s scholastic record is to find out 
how well he has done his job in college. If he fails to accomplish 
much with his studies there is reason to doubt whether he has the 
depth of intellectual capacity to learn and to apply or whether he 
has given the required amount of time and effort to what for four 
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years or more has been his major job. Will he, therefore, fail in 
the same respect when he gets on to some other kind of job? That 
is dependent upon so many factors that no one can foretell. We 
in industry can do two things, however, in the way of supplement- 
ing hope. We can try to pick the man with the best chances, and 
we can try to give him the best possible introduction into our busi- 
ness. 
Professor Bangs is undoubtedly right when he says that in- 
structors and young assistant professors know the most about the 
students, and that industrial representatives could learn much from 
them when investigating the qualities of individuals. I wonder, 
however, what would happen to collegiate planning and to academic 
schedules if all industrial representatives insisted on seeing these 
people and on talking with them at length about different students. 
Is it not better to collect their opinions and comments in advance 
at a central point where they will be available to any interested 
prospective employer? ; 

I thoroughly agree with Professor Bangs that the engineering 
teacher has a responsibility for helping his students to develop the 
desirable traits that have been mentioned, allowing amply for the 
fact that heredity and early environment may have stacked the 
deck, so to speak, in the cases of some individuals. Is it not true, 
also, that we in industry have the responsibility of continuing the 
effort? Early periods of business life may be confusing and dis- 
heartening. First impressions are important, and therefore the 
need for starting the new employee under favorable conditions. 
We should be friendly, explain policies, talk things over, afford 
suitable training opportunities, and put each youngster under a 
supervisor who is known to be intelligent, sympathetic and capable. 
It is, of course, vital that we use great care in interpreting his 
interests and abilities, and in selecting the type of work in which 
it appears that he will do well. 

It has been observed that the man who does a good job of plan- 
ning and running his private affairs is very likely to do the same 
thing with his business affairs. College teachers have relatively 
little opportunity as a rule for helping students with their private 
affairs. Industries have somewhat more chance to help their new 
employees. Both should do what they can to encourage the young 
man to make efficient use of his leisure time, to plan definitely for 
continuing study within his field after graduation, to seek con- 
tentment and enjoyment in the substantial things of life, and to 
take part in the civic and political affairs of his community. In 
college, of course, this means to take part in campus activities of a 
type that tend to develop his powers of expression and his ability 
to plan enterprises and direct others. 


hat 
in- 
rk, 
ites 
ils ; 
‘ich ; 
ted 
ply 
the 
ong 
1an 4 
our 
on- 
ect 
ote 
our 
tu- : 
nds 
gi- 
are 
ory 
ly, 
ty. 
nce 
the 
ose 
ies 
la | 
ng 
ith 
the 
ng 
on, 
put 
ish 
she 
he 
ur 


132 DISCUSSION 


Lest I convey the impression that I expect a man’s planned 
activities to last 24 hours a day, let me hasten to add my belief that 
relaxation and recreation play an exceedingly important part in 
his industrial career.. Altogether too many excellent men go ‘‘on 
the rocks’’ mentally or physically because they have not learned 
to enjoy rest and wholesome recreation through hobbies and pas- 
times. 

There is one more point I would like to add and that is that we 
should all do everything we can to develop a sense of humor in the 
young men with whom we come into contact, for many engineers 
have a tendency to take life very seriously. That does not mean 
that we should always tell them.our latest funny story, but it does 
mean that we ought to do what we can to get them to see the 
laughable side of things that happen from day to day. I have 
heard several business executives say that if they had not had a 
sense of humor during the past ten years, they probably would 
not have pulled through. Without intending to end these com- 
ments on a baleful note, it seems to me to be rather a good gamble 
that the need for a sense of humor will not be diminished in the 
years ahead. 


] 


DISCOVERY OF PROMISING FRESHMAN 
ENGINEERS * 


Part I—PrE-CoLLEGE CoUNSELING 


In zodlogy, orientation is ‘‘the faculty possessed by certain 
birds of finding their way home from distant places.’’ In engi- 
neering education, orientation is the reverse or it is the faculty of 
finding one’s way from home to distant places. 

The process of developing this faculty in young men as with 
birds should begin at birth and continue indefinitely. The pur- 
pose of high school counseling and college orientation is to provide 
them with the lessons of experience as a counter-balance to their 
immaturity and to give them information as a basis for analyzing 
their own deficiencies and proficiencies, their interests, aptitudes, 
emotions, and impulses. 

To assume such a responsibility is a daring adventure because 
the counselor is undertaking to take apart the most complex 
mechanism ever created. Humility, sympathy, and understand- 
ing of the human are pre-requisites. 

The need for high school guidance in making a vocational choice 
was illustrated very recently by a canvass of 363 high school seniors 
taken just before a course in vocational information was begun. 
The effect of the spectacular, the popular, and of public policies 
was apparent when 118 or one-third chose aviation and nearly one- 
fourth aeronautical engineering. About one-half proposed to enter 
aviation although it would be at least four years before the 79 
engineers would be prepared. 

Excepting for the above subject, the distribution was rational 
over 119 different vocations and professions; 127 were then looking 
toward engineering of a professional character. 

A report made recently to the American Council on Education 
by Messrs. Cowley, Hoppock, and Williamson says, ‘‘ Everyone who 
has counselled students knows that many of them have chosen oc- 
cupations which cannot possibly be justified in terms of their abili- 
ties and other characteristics. Yet thousands of students in pro- 
fessional colleges every year pursue curricula which turn out to be 
tragic mistakes.’’ * 

* Report of Committee on Student Selection and Orientation, presented at 
the 48th Annual Meeting, 8S. P. E. E., University of California, June 24-28, 


1940. 
1Am. Council on Education Studies, ‘‘Occupational Orientation of Col- 


lege Students,’? April, 1939. 
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The following will illustrate the difficulties which our schools 
and colleges face in making an approach to adequate personnel for 
guidance. <A report of the U. S. Office of Education for 1937-38 
says, ‘‘ Approximately six per cent of all public high schools pro- 
vided counselors on half or more than half time. Actually, 1,297 
high schools, with a total enrolment of 2,062,341 pupils, employed 
2,286 individuals as guidance counselors or advisers.’’* Thus 
under the best conditions there were over 900 students per coun- 
selor and over 4,000,000 of the 7,000,000 high school students had 
only such help as teachers and principals gave them. Although 
teachers and principals in small schools may be doing the best they 
can, the colleges face a situation to give them concern. 

The Report of the Investigation of Engineering Education, 
1923-29, spoke eloquently on the inadequacy of educational guid- 
ance in our high schools as evidenced by the statements of students 
themselves when it said, ‘‘The advice of parents, teachers or friends 
was a factor in reaching decisions in less than one-fourth of all 
eases.’’ It continues, ‘‘As previously noted, more than half the 
students showed little conception of their chosen field of life work 
and thus indicated the lack of knowledge on which their decisions 
were based.”’ 


The report further says, ‘‘The engineering colleges should con-_ 


sider ways and means of giving assistance to the prospective stu- 
dent of engineering in choosing his career on a more valid basis.’’ 
It then suggests various methods for helping to ameliorate the con- 
dition. 

_ How does the situation today compare with that of more than 
ten years ago? 

There has been an improvement in the quality of high school 
counseling and an increase in the number of public schools which 
are attempting to give a more adequate vocational and educational 
guidance. But the complexities have increased even faster than 
the knowledge of how to counsel. The number of those in high 
school has nearly doubled in ten years. The variety of, demand 
for, and skills required in new occupations call for constant alert- 
ness by school authorities. 

The quantity of special engineering guidance literature pro- 
duced in pamphlet and book form is the most notable activity in 
which the government, foundations, private enterprise, engineering 
societies, and colleges have participated. Some of the publications 
are boldly for recruiting; a few are for profit; but much is sub- 
stantial, realistic, and distinctly helpful. About 92,000 copies of 

2U. 8. Office of Education, ‘‘ Public High Schools Having Counselors and 
Guidance Officers,’’ by Greenleaf and Brewster, p. 3. 
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“Engineering: A Career—-A Culture’’ have been distributed by 
engineering colleges, engineering societies, and the public schools. 

In March, 1940, a questionnaire was sent to 125 institutional 
members of the S. P. E. E. and about 100 have answered. The 
first question was: 


I. Do you assist high schools in counseling prospective engi- 
neering students, or do you participate otherwise in pre-college 
guidance? 


The answers were as follows: 


Coéperating in high school guidance ..............-... 87 
Not codperating in high school guidance .............. 17 


Of the publicly supported institutions, 56 did; 11 did not. 

Of the endowed institutions, 31 did; 6 did not. 

Of the 87 participating institutions, 12 participated a little, 54 
moderately, and 21 extensively. 

The answers varied quantitatively and some are hard to classify. 
It is quite probable that several participated only in ‘‘college days’’ 
which are sometimes advertising rather than informing. 

On the other hand, those who answered that they make no 
formal contribution to pre-college guidance for prospective engi- 
neers may be helping through the interests and efforts of individ- 
uals. It seems clear that the engineering colleges, in fact all in- 
stitutions of higher education, are more alert than they were to the 
opportunity to join with the high schools in attacking a problem 
of common concern. Furthermore, there is active participation 
and much of it is carefully planned and judicious. 

California Institute of Technology coéperates with the Chamber 
of Commerce and other service clubs of Southern California in 
providing vocational guidance service. 

Carnegie Institute of Technology has developed an illustrated 
lecture entitled, ‘‘Engineering as a Profession’’ which it loans out 
with accompanying slides to high schools. 

Purdue University—‘‘The usual procedure in Indiana is to 
have the high school students list their first, second, and third 
choice of vocation or profession and then provide opportunity for 
the students to interview representatives from the vocations and 
the universities preparing for the chosen profession. High school 
principals are invited to the campus for conference at which they 
are shown the progress of their students at college, particularly in 
mathematics. These results are used to show principals the value 
of pre-college guidance. 

‘‘As a result of the poor organization of so-called ‘college days’ 


or 
38 
97 
ed 
n- 
ad 
gh 
d- 
its 
ds 
all 
he 
rk 
ns 
n- 
u- 
” 
n- 
ol : 
sh 
al 
in 
zh 
id 
t- 
in 
as 
b- 
of 
id 


136 PROMISING FRESHMAN ENGINEERS 


at high schools which really give small opportunity for vocational 
guidance, Purdue has abandoned the practice of sending repre- 
sentatives except to certain technical high schools. The University 
codperates, however, in the conduct of county and city guidance 
conferences. ’’ 

University of Florida—‘‘The entire General College program 
presupposes the fact that few students know definitely what voca- 
tion they really wish to pursue upon graduation from high school. 
There is definite. feeling that vocational guidance can best follow 
after certain broad fields of learning have been studied, and we are 
therefore concentrating our vocational guidance in freshman year 
of college rather than in the high school.’’ 

University of Washington—‘‘ We assist high schools throughout 
western Washington by counseling prospective engineering stu- 
dents. We do this in a number of ways, but principally in sup- 
plying speakers at vocational guidance conferences. Such confer- 
ences are usually held annually for the benefit of senior high school 
students. We also provide radio talks on engineering as a pro- 
fession and supply records of talks to high schools. At the bi- 
ennial engineering Open House an information desk is maintained 
at which prospective students or their parents may receive advice 
and obtain literature pertaining to engineering as a profession. 
Attendance at these Open Houses varies from 15,000 to 20,000.”’ 

In this connection an unusual venture fostered by the E. C. P. 
D. Committee on Selection and Guidance should be mentioned. 

The national engineering societies have been encouraged to or- 
ganize joint committees of their local sections to codperate with 
high schools in counseling those students who wish to know about 
engineering. A number of such committees are in action on this 
new front. 

The Nebraska and Iowa State engineering societies have car- 
ried out unique programs. The Iowa Society extends its influence 
lines to 200 high schools through a selected student in each high 
school who is the point of contact—all with the approval of the 
high school and of the two state engineering colleges. The Ne- 
braska Society has conducted guidance conferences in Omaha with 
the aid of the Omaha engineers and in Lincoln with the aid and 
approval of the university. 

Numerous city engineering societies have carefully planned and 
organized their guidance. The Colorado Engineers Council has 
taken state-wide leadership and the cities have appreciated the 
kindly, informing personnel service thus performed. 

The most extensive local program was initiated in New York 
City last year when twelve high schools were visited and some 
seventy-eight faculty and practicing engineers conferred with 2,000 
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students who had previously indicated to their counselor or prin- 
cipal that they were interested. 

This year there will be twenty-five such high school conferences 
in smaller groups with personal contact arranged in addition. Since 
there are from four to six engineers in each visiting sub-committee, 
this year’s program will require from 100 to 150 men-visits, which 
involves considerable engineering organization. It is good for the 
engineers as well as for the boys. : 


Part II—SELEcTIvVE ADMISSION TO COLLEGE 


The purpose of having an admission procedure for entrance to 
college or university is to select those who are fitted by aptitudes, 
previous preparation, temper and character to profit most from 
the experience. Today, another element enters more consciously. 
Will society profit from the personal development which may re- 
sult? 

In the early days when requirements were few and an interview 
was the determining factor the selection was discriminatory. Be- 
cause of the standardized preparation and the limted number of 
college curricula the selection may have been reasonably effective. 

Conditions have changed as The Report of the 8. P. E. E. in- 
vestigation points out in its discussion of ‘‘ Admission Policies.’’ 


The difficulty in the application of any principle of discriminating se- 
lection lies in the fact that no adequately satisfactory mevas of selecting 
students at time of graduation from high schoo] has been devised—at least 
none which seems to satisfy the needs of engineering colleges. Efforts to 
improve the general status of admission must be directed in large measure 
to carefully planned work among high schools, teachers and students to 
the end that the young men themselves may be enabled to judge of their 
aptitude and probable liking for engineering and of their chances of suc- 
cess in 

The confusion in admission practice in American colleges is 
best illustrated by the following quotation: ‘‘In 1933, 23 per cent 
(118) of 517 institutions admitted applicants on the presentation 
of high school diploma; 63 per cent accepted a transcript of high 
school credits; 80 per cent of western colleges and universities 
accepted a transcript of high school credits while only 20 per cent 
of New England institutions did likewise; 26 per cent admit stu- 
dents who have passed the College Entrance Board Examinations; 
9 per cent grant admission to those passing the New York Regents 
Examinations; and 12 per cent used the rank in the high school 
graduation class. Thirty-six different criteria for admission were 


3«*S. P. E. E. Investigation, 1923-29,’’ p. 181. 


nal 
re- 
sity 
nce 
am 
ool. 
low 
are 
ear 
out 
tu- 
up- 
rer- 
al 
bi- 
ned 
rice 
on. 
P. 
or- 
out 
his 
ar- 
nee 
igh 
the 
Ne- 
ith 
ind 
ind 
has 
the 
ork 
me 


138 PROMISING FRESHMAN ENGINEERS 


in use, of which 25 were used singly, and 11 in combination with 
others.’ ¢ 

Another study made by the National Educational Association 
published in March, 1938, gives the following evidence of doubt of 
the validity of our present admission practice: 


Types oF EvipENCE COLLECTED AND Types Usep By 423 COLLEGES AND 
UNIVERSITIES AS A Basis FOR ADMITTING AND REJECTING STUDENTS 5 


Per Cent 

Num- | Num- | Using of 

Types of Evidence Col- wi Gan: 

sing 
lecting ing 
1 2 3 4 

Transcript of high-school credits with subject marks................ 407 371 91.2 
Rank in high-school graduating 371 279 75.2 
Record of personal interview by member of college staff............. 304 235 77.3 
Description of character and personality from — eR 308 214 69.5 
Results of test taken in 278 168 60.4 
Results of College Entrance Board Examinations.......... a 166 86.5 
Results of general intelligence test taken at college........ 293 143 48.8 
Results of objective achievement tests taken in high school. .--| 256 135 52.7 
Results of health examination taken at college....................- 272 132 48.5 
High-wohool Giploms. 163 132 81.0 
igh-school extracurricular activity record..................6..05- 304 131 43.1 
Results of objective achievement tests taken at college. -.| 233 117 50.2 
Results of essay-type examination taken at college. . --| 104 70 57.3 


The second question asked recently of engineering colleges was: 


II. Do you place a limitation on the numbers admitted as fresh- 
men? 

The answers were: Yes—60; no—44. Public or tax supported 
institutions answered: yes—29; no—38. Endowed institutions an- 
swered: yes—31; no—6. 

In the 1923-29 S. P. E. E. Report only eight institutions reply- 
ing had imposed a limitation. 

It is appropriate for the Society to pause here and point with 
modest pride to the very definite progress which has been made in 
an honest attempt to dissuade or debar the unfit and to encourage 
those better prepared to succeed in education and in aftermath. 

III. In addition to required high school units, what are your 
requirements? Are students admitted with conditions? If so, in 
what subjects? 


Number requiring only 15 high school units .................-- . 89 
Number requiring 16 units .... 3 
Number requiring entrance examinations of all freshmen ........ 9 


¢ Brammell, P. Roy—‘‘ Articulation of High School and College,’’ Bulletin 
1932, No. 17; Monograph No. 10, U. 8. Office of Education, p. 13. 
: 5 National Education Association, Research Bulletin, Vol. XVI, No. 2: 
March 1938—‘‘ From High School to College,’’ p. 79. 
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None of the 89 above who accept 15 units requires an examina- 
tion of all admitted but certain minimum conditions are attached 
to those admitted without examination such as the following: 


Two institutions require a high school average of 80. 

One institution requires a high school average of 75. 

Two institutions require a high school average of B. 

One institution requires a high grade point average of C. 
One accepts only those in top fifth of high’ school class. 

One accepts only those in top two-fifths of high school class. 
Two accept only those in top third of high school class. 

Four accept only those in top half of high school class. 

Three accept only those in top two-thirds of high school class. 
Three accept only those in top three-fifths of high school class. 
One accepts only those in top three-fourths of high school class. 
One accepts only those in top four-fifths of high school class. 

22 place a minimum average scholastic grade. 


14 of these are publicly or state supported and 8 of them are 
endowed. 

On the other hand admission on the presentation of a diploma 
or certificate of graduation from any accredited or unaccredited 
high school is common especially to state supported institutions. 


However, the number of institutions that now require a high 
school record above the mediocre is notable. Examinations for 
those in the lower ranks is becoming a common practice. 

Personal interviews with all applications are required by four 
institutions, recommendations or confidential reports by many. A 
statement of good character is generally required. 

College Entrance Board Examinations and Regents (New York) 
Examinations are usually accepted by those requiring an examina- 
tion before admission. 

IV. Are students admitted with conditions? 

Of the 85 institutions answering, 57 were publicly supported 
and 28 were endowed. 

Of these, 44 publicly supported institutions answered ‘‘yes.’’ 

Of these, 11 endowed institutions answered ‘‘yes.’’ 

48 required deficiencies be removed. 

31 refused to admit with deficiencies. 

Of these, publicly supported institutions numbered—14. 

Of these, endowed institutions numbered—17. 

Students with deficiencies in mathematics are permitted en- 
trance in many cases at other colleges though they are specifically 
excluded from certain advanced courses. One reason given was 
“some high schools do not teach subject.’’ In some cases a defi- 
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ciency must be accompanied by a high average in high school 
grades. 

In general, a deficiency at admission must be removed within a 
year; some freshmen are placed on probation until admission re 
quirements are fully met. 

The number of institutions admitting students who do not meet 
the printed requirements for admission is still high—too high. The 
evidence quoted in answers to the recent Questionnaire and other 
numerous studies indicates that the small number so admitted who 
do average or better work or graduate, throws doubt on the wis- 
dom of such procedure except where there is definite evidence of 
scholastic aptitude. This should be obtained by the institution in 
its own defense and in justice to the student who is so admitted 
and thus encouraged to believe that he can and probably will profit 
by the experience to a degree commensurate with his ambition and 
his investment in time and money. At the same time the claims 
of others better fitted demands full consideration. While many 
‘publicly supported institutions may be required to accept all ac- 
credited high school graduates, they are accepting a responsibility 
not required by legislation when they admit those who are not 
prepared, especially if it keeps out those who are better prepared. 
Substantial evidence can be presented in support of the opinion 
that injustice is done wnless special tests and interviews reveal abili- 
ties not otherwise evident to support admission with conditions. 
Proper safeguards are an adequate defense for the practice. 

According to the S. P. E. E. report, of the 8,728 freshmen ad- 
mitted to engineering in 1924-25, 1,706 were accepted with entrance 
conditions, or nearly 20 per cent. Of those admitted with condi- 
tions, 1,149 were deficient in mathematics. 

While comparable data are lacking, evidence indicates that 
standards for admission are higher than they were in 1924-25. 

A study by the N. E. A. reports, ‘‘The tendency to require not 
less than 15 units of secondary school work is fairly general in 
American colleges and universities. The distribution of these units 
into specified subject groups varies greatly. . . . Decided evidence 
of a trend toward granting the prospective student greater free- 
dom of pattern in making up the total unit requirement is found.’’* 

Since 1924-25 there has been a decrease in the number of insti- 
tutions which specified 10-14 units and an increase in the number 
specifying none, 14 units or 5-9 units. In other words, greater 
latitude is now allowed in the units offered for admission. 

There seems to be one conclusion from the data obtained by the 
March, 1940, Questionnaire. Admission on the presentation of 4 

6 Research Bulletin, N. E. A., Mch, 38. ‘‘From High School to College,” 
pp. 77 et seq. 
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certificate or diploma from an accredited or unaccredited high school 
is common, especially in state supported institutions though the 
number of them now requiring a scholastic record equal to or above 
the average is notable. Other state supported institutions require 
the passing of an examination for admission by those in the lower 
scholastic brackets ; some of them advise those of low standing not to 
enter until better prepared. 

The following caustic arraignment of high school grades as the 
only selective device is from ‘‘A Student Personnel Program for 
Higher Education.’’ ‘‘Where marks are employed alone for col- 
lege entrance, these usually reflect only teachers’ estimates, amount 
of text absorbed (at the time) and only little useful evidence of the 
pupil’s present working power for effective college living.’’* 

Entrance examinations are condemned in these words: ‘‘ Where 
examinations are the only admission device, we have a combination 
of health and temperament, cleverness and good luck as the basis 
of selection.’’ 

It is generally agreed that grades from different high schools are 
not comparable and that injustice is done by rejecting some with 
lower averages in high schools with high standards and admitting 
others with high grades from schools of low standards. If high 
school grades are to be used for admission, then more rigorous 
standardization of grading or ‘‘accrediting’’ is necessary. Other- 
wise unfairness results. Even where state supervision of high 
schools is good, it has been found necessary to ‘‘weight’’ the high 
schools by studying the academic history of those admitted from 
each school and then accepting an increased or decreased propor- 
tion of the class. 

Entrance examinations have been improved in types and re- 
liability. Careful selection should be made of objective questions 
to eliminate parrot patter. 

There is another factor which will receive more consideration 
than it has. President Cowley of Hamilton College stated it con- 
cisely when he said at a recent conference that admission to college 
on the basis of high school units passed ‘‘was on its way out’’ by 
which he meant that a more complete evaluation of the whole stu- 
dent including character and personality would be made a part of 
admission. 

The importance of personal qualities is amply emphasized by a 
study of 1,536 engineering graduates reported in the Transactions 
of the American Institute of Electrical Engineers. Of the 1,536, 
two hundred fifty were discharged from their jobs because of un- 

7 Lloyd-Jones, Esther and Smith, Margaret R., ‘‘A Student Personnel 

for Higher Education,’’ New York: McGraw-Hill Book Co., 1938, 
p. 53, See also footnote 4. 


rol 
a 4 
he 
er 
ho 
of = 
in 
nd 
ms 
ny 
ac- 
ity 
not 
ed. 
ion 
ili- 
ns. 
ad- 
nee 
di- : 
hat 
not 
in 
its 
nce 
"ee- 
76 
sti- 
ber 
ter 
the 
fa 


A. I. EB. E., Vol. 58, Dec. p. 1571. 


142 PROMISING FRESHMAN ENGINEERS 


satisfactory personal adjustment; 63 were let out because of lack 
of interest, judgment, accuracy, and similar qualities, and 49 were 
discharged for lack of technical qualities. Three hundred and 
thirteen, or 20 per cent, failed for other than technical reasons; 3 
per cent failed for inefficiency in engineering.® 

To summarize, the major improvements in admission practices 
are: better counseling in high school; higher scholarship require- 
ments; the scrutiny of grades given by a high school as evidenced 
by the success of its graduates in college ; better guidance literature; 
more evidence that applicant is above the mediocre; increase in 
flexibility by use of interviews; and an extensive study of the value 
of tests and examinations for placement, orientation, and selec- 
tion. A beginning has also been made in evaluating personal 
qualities and their correlation with achievement in college—and 
afterwards. 


Effect of Selective Admission 


California Institute of Technology reports ‘‘General tone of 
our classes has improved steadily since inauguration of entrance 
examinations. Instead of failing 20 per cent of the freshmen at 
the end of the first term, only 2 or 3 of the 160 men now fail. At 
the present time, about 65 per cent of the students, who enter as 
freshmen, graduate. This is about three times the number grad- 
uating in four years after entrance from classes that entered be- 
fore the entrance examination plan was inaugurated.’’ 

Carnegie Institute of Technology reports, ‘‘While our admis- 
sions process has always been selective in character, for the past 
three years we have considered factors in the process of selection 
that were not considered before, and we now feel that, as a result, 
there is a far higher type of student coming here than was the case 
a few years ago. The mean score of the upper 50 per cent of this 
year’s freshmen class, on the Carnegie Test of General Mental 
Ability, is as good as the mean score of the upper quarters of the 
entering classes of the past ten years.”’ 

Mass. Institute of Technology reports ‘‘Selective admissions in 
effect over the past four years has had no appreciable effect in 
reducing disqualifications in the first year due to scholastic reasons. 
We have had, however, numerous comments from the faculty to 
the effect that the entering group has been improved by the selee- 
tive process.’’ 

Penn State reports ‘‘In 1922 only 42 per cent of class actually 
graduated four years later. In 1935, 56 per cent of class grad- 
uated in the appropriate June.’’ 

8 ‘*Characteristics of a Group of Engineers’? by Thos. Spooner, Trans. 
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Yale University reports ‘‘Over a period of ten years, forecasts 
based on factors tested and evaluated for admission to Yale have 
accurately predicted freshman averages within a range of plus or 
minus four points for 70 per cent of the cases, and within a range 
of plus or minus eight points in 94 per cent of the cases.’’ 

Case School of Applied Sciences—‘‘In 1924 only approximately 
40 per cent graduated, now over 60 per cent. Entrance require- 
ments are about the same now as then, but I feel quite certain our 
serutiny of the papers is very much more careful now than it was 
at that time (’24) and this undoubtedly has an effect on the num- 


ber of students graduating.’’ 


Part III—Use or Tests ror PLACEMENT, ORIENTATION AND 
ADMISSION 


Orientation is the process of aiding a student in college to find 
himself and to learn the direction in which his abilities seem to 
point. Orientation extends only to the point where he becomes 
reasonably effective as a student and is settled in his own mind 
with the tentative or full approval of his college guide, philosopher 
and friend. After he is settled in his curriculum he is in the de- 
velopment state and outside the field of the Committee on Selection 
and Orientation of Engineering Students. 

Freshman week contributes to the magnetic directioning of new 
students. Its objectives are sometimes confused by outside local 
attractions and the true pole of scholastic objective may wait some 
time for clarification but it is a useful instrument to the newcomer 
in finding his way around a college. 

Orientation courses constitute a more direct attack on the prob- 
lem of pointing out the direction in which different curricula lead. 
At that stage it is as important to point out that which is common 
to all of them as it is to emphasize their differences. The latter, 
naturally, receives the most emphasis because it stirs the interest of 
the student and touches the pride of the teacher. 

Freshman problems serve the purpose of bringing into action 
the tools which the new student possesses and it gives him a sense 
of admission to the semi-technical and whets his interest at the 
same time that it sharpens or resharpens his mental processes. It 
squares him away on his compass course and gives him a sense of 
direction. 

These devices suffice for the majority of engineering freshmen 
but what further is being or can be done for the indifferent, 
negligent, the slow burning fuses, and those other baffling cases of 
boys who are in a fog and yet who, if awakened, may have the 
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energy and the skill to overtake the pack? This is rare but our 
resources ought to be sufficiently elastic and effective to ferret out 
their hidden talents and save them from the sense of defeat which 
failure means to many. Some rise ultimately above the embarrass. 
ment of failure, and despite the inflexibilities of higher education, 
become notable figures in finance or industry. They are rare, and 
because they prove exceptions, they are conspicuous. 

Guidance in high school is concerned with all students; in eol- 
lege it deals only with those who are confused by the glamour of 
- too much illumination, the idle, the few who are really unprepared 
and the misfits who constitute the largest number of and the most 
difficult problem cases. 

The following question was asked in order to learn how and 
what tests or examinations were used for admission or orientation. 

V. ‘‘Do you use special tests (or examinations) of any sort as 
part of your admission requirements? As part of your general 
procedure at time of entrance? If the latter, are the results of 
such tests used in counseling students in a choice of engineering 
or otherwise ?’’ 


No test given at or before admission .................. 
Required for admission 
Used for orientation and placement ...............+++- 78 


It is evident that experiment with tests of a wide variety is 
being pursued with three purposes: 

(a) to discover reliable and valid instruments, 

(b) to aid in dealing with problem cases as they arise, and 

(c) to section students according to ability. 

A surprising number of institutions are using a wide variety of 
aptitude and achievement tests for above purposes, as the following 
table demonstrates. 


SumMary or TYPES AND NAMES 
Number of Colleges Using Tests for 
unseling 


I. Subject Admission, for Placement and Co 

i 5 28 


High School Achievement - 
Ability in: Visualization .................. - 
Mechanical Drawing 
Study Habits 
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Reading - 7 

Physics 4 4 Se 
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II. Name of Test 
A. Scholastic, Academic or Mental Ability Tests 
1. American Council Psychological 
2. Carnegie Mental Ability 
3. University of Washington College Aptitude 
4. Ohio State Psychological 
5. Unknown 
B. Mathematics 
1. Iowa Mathematics Placement Test 
2. Coéperative Achievement 
3. Unknown 
Physics 
1. Iowa Physics Placement 
2. Codperative Physics Achievement 
D. Chemistry 
1. Iowa Chemistry Placement 
E. English 
1. Iowa English Placement 


Evidence of General Improvement 


A considerable number of engineering institutions have im- 
proved the quality of students admitted either by a greater degree 
of selection or by more rigorous conformity to catalog requirements. 

Faculties complain that preparation is not what it ought to be. 
One institution reports as follows: ‘‘Last fall, 30 per cent of the 
students who applied to enter (engineering) and 20 per cent of 
those who did enter failed in the English test. . . .”’ The prepara- 
tion in mathematics is criticized, as it always has been. 

There is considerable agreement that students are more serious, 
more mature, and that the per cent entering who graduate in four 
years has increased from the 28 per cent mentioned in the report 
of the S. P. E. E. Investigation to 50-60-70 or even 90 per cent in 
two cases, of the entering class. The most discouraging statement 
from one institution is ‘‘only 15 per cent of entering engineering 
students graduate in four years.’’ An estimate of the average is 
hazardous and may not be more than 50 per cent. 

Conclusion.—Counseling in high school has definitely improved, 
and both colleges and engineers are codperating to a notable degree 
in a few cities and states where the idea has been made effective. 

Admission practice is diverse and in experimental state. The 
search for those best fitted to progress through the aid and urge 
of a technical education proceeds. Numerous vehicles for a just 
selection are being tried and used in admission, in placement and in 
counseling. Continued and more intensive study of reliable and 
valid instruments for discrimination is important to the applicant 
for admission, to the engineering college which he proposes to 
enter, and to the profession to which he aspires. 
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A more effective orientation procedure is developing. It in- 
cludes interviews, freshman courses of lectures and study, tests and 
comprehensive examinations. Orientation as a part of a continuing 
development of the whole engineer is emerging. 


Respectfully Submitted : 

Committee on Student Selection and Orientation, 
J. P. CoLBert, I. C. CRAwForD, 
R. C. Disque, W. A. Knapp, 
L. J. LASSALLE, C. A. Mockmore, 

R. L. Sackxert, Chairman. 
With the assistance of Epwarp W. Rice, 
Newark College of Engineering. 
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GENERAL ENGINEERING * 


By SAMUEL B. MORRIS 
_ Dean, School of Engineering, Stanford University 


Education for the professions of Architecture, Law, Medicine 
and the Ministry has continued to develop upon the basis of gen- 
eral non-specialized professional training founded on a broad 
general training in the Arts and Sciences. Proponents of a more 
specialized education in these professions have been forced to yield 
to the preponderance of support for broad fundamental training 
generally leaving specialized training to be secured after entry into 
the profession. 

This is not so in engineering education. Here we find a con- 
tinuous confiict of views between those who favor more specialized 
training and those who favor a broader fundamental training. 
This broader training includes not only the basic training in mathe- 
matics, physics, chemistry and the fundamental subjects common to 
all engineering but economic theory and the social sciences, or as 
sometimes called, the humanities. 

It is natural that there should be such conflict. In fact it is 
somewhat inherent in the many and diverse fields occupied by 
engineers. By the very nature of engineering it relates to science, 
business, and the economic and social order. We include not just 
military and civil engineers as was once the case. Nor do we now 
restrict the number of branches of engineering to civil, electrical, 
mechanical, mining and chemical engineering, but the one State 
of New York recognizes forty separate independent bachelors’ de- 
grees in a total of twenty five separate fields of engineering. The 
Engineers’ Council for Professional Development has accredited 
over twenty separate curricula in fields of undergraduate engineer- 
ing training. 

And then too, in each of these fields of engineering there are 
many functions which engineers perform which again cause a 
separation cutting horizontally across the vertical segregation of 
major fields. Such functions as research engineer, design, con- 
struction, promotion and sales engineers apply to each of the major 
fields of civil engineering, electrical engineering, mechanical engi- 
neering, ete. 

* Presented at the 48th Annual Meeting, 8S. P. E. E., University of Cali- 
fornia, June 24-28, 1940. 
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In fact, in the two hundred years since the birth of James Watt, 
and the harnessing of the power of steam, man has continued to raise 
his standard of living by greater dependence upon the use of me- 
chanical power and the economic development of the discoveries of 
science in the better utilization of materials and energies of nature. 

This dependence of modern society on the scientific and tech- 
nological developments has created an ever increasing need for men 
trained in accurate quantative thinking such as lies at the founda- 
tions of all engineering education. 

Some engineers and laymen have expressed the view that there 
are too many students in our engineering colleges, and it is a gen- 
erally accepted fact that a high percentage of engineering graduates 
eventually enter executive positions, business or other positions not 
generally regarded as engineering work; certainly not professional 
engineering work. Another fact is cited to show the surplus num- 
ber of engineers being trained is that there are more engineering 
students now enrolled in the engineering schools of the United 
States than there are in the five principal professional engineering 
societies. 

In such proposals to restrict the number of good students re- 
ceiving engineering training I do not concur. In its breadth and 
discipline engineering education should fit a student for business 
and many useful pursuits, and for life. But such an engineering 
training should not be the narrow completely technical course which 
has been, and still is, all too common in this country. 

The many surveys of engineering education have brought out 
the facts that the increased pressure to include more and more 
specialized or vocational material has added to the number of re- 
quired units until generally 15 to 20 per cent more units are re- 
quired of engineering students than of those in arts and sciences 
or the other schools. Reaching the limit of units curricula in engi- 
neering then reduced the amount of training in language, eco- 
nomics, and the social sciences. Fortunately this general trend 
has now been checked although there are still plenty of adherents 
to the old policy of building on engineering curriculum entirely 
upon mathematics, natural sciences and their engineering applica- 
tion. This is generally done with the belief than an engineering 
student can better obtain his broad general education by proper 
reading after he has left college than to sacrifice any of his precious 
time on the humanities during his four years of college. 

Oddly the engineering educators have been almost a unit in 
favor of the broader training as most recently so well expressed in 
the ‘‘Report of Committee on Aims and Scope of Engineering Cur- 
ricula,’? by a committee of this Society. This report concludes 
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‘‘Undergraduate curricula should be made broader and more funda- 
mental through increased emphasis on basic sciences and humani- 
ties and social studies.’’ And yet in spite of this generally ac- 
cepted view we have many colleges adhering to a purely techno- 
logical training with complete absence of humanistic-social studies. 

At the seventy-fifth anniversary of the establishment of engi- 
neering education at Columbia University held this year Doctor 
Nicholas Murray Butler, the Dean of University Presidents, said: 


The two outstanding careers today in America are the two learned pro- 
fessions of medicine and engineering. The one concerns itself with the 
protection and care of the health of the race; the other concerns itself with 
giving it new command over the forces of nature and bringing these forces 
more completely into human service. 


Here, Dr. Butler has so well expressed the broad purpose of 
the engineer to control the forces and the materials of nature for 
the economic use of mankind. 

With all the emphasis upon broader engineering training it seems 
odd that there should be but six accredited general engineering cur- 
ricula in the entire United States. And more surprising yet that 
one accrediting agency representing all the founder engineering 
societies should even now be substantially extending the number and 
fields of undergraduate specialization while there are but six general 
engineering curricula accredited. 

The practicing engineers and alumni have been outspoken for 
the broader fundamental training and all engineering education 
studies have similarly endorsed it. The engineering educator, I am 
afraid, has all too often said ‘‘ Amen’’ with his tongue in his cheek. 
Heavily crowded engineering curricula without humanistic content 
continue in some of our largest and best engineering schools. 

And just why is it that the engineering student should almost 
everywhere be required to take a larger number of units, and these 
requiring more time for preparation, than the student in other 
fields? Even where humanistic subjects are being added are we 
not, in all too many instances, robbing the student of those hours 
when he should be having the opportunity for participation in col- 
lege life and activities which form such a substantial portion of the 
education of the college trained man? 

Are we not overlooking some of these opportunities for devel- 
opment of leadership and desirable social experience, which are 
worth more in the preparation of the individual for the profession 
and for life than many added units gained in the classroom? 

The report of the Committee on Aims and Scope of Engineering 
Curricula is such an excellent statement for the broader ‘‘scientific- 
technological’’ and ‘‘humanistic-social’’ engineering education that 
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I cannot do better than to urge every member to read it closely 
and understand all of its implications. 

But I have not said much on just what I consider as proper 
‘‘General Engineering Education’’ nor will I make any effort to 
state in detail just what courses should be in such a curricula. No 
one will question the adequate foundation on mathematics, physics 
and chemistry. But I would go farther in the field of natural sci- 
ences. If an engineer is to have adequate knowledge of the forces 
and materials of nature he must also know something of geology 
and of biology, and I do not mean survey courses. These should 
be the same courses that a student would take if he were to be a 
major in mathematics, physics, chemistry, geology and biology. 
This not only assures the courses being of a fundamental character 
but gives the engineering student the opportunity of association 
with professors and students who have a professional, rather than 
a mere service interest in these separate fields of learning. 

In the same way in the humanistic field the engineering student 
will receive an intangible, but none the less valuable additional 
benefit from taking written and oral English, economic theory, his- 
tory, sociology, psychology and philosophy in the same classes with 
majors in these fields. 

Coming now to the branches of engineering, all engineering 
students should first of all have a thorough and fundamental 
grounding in mechanics, strength of materials, hydraulics, thermo- 
dynamics and heat exchange, electric machinery and circuits, sur- 
veying, drafting, engineering economy, engineering and shop 
methods and production. Business law, accounting and statistics 
should be included if possible. Again, may I emphasize the point 
that there should be no survey courses and that they should not be 
courses especially designed for general engineering students. 

Such a broad course will give the student some additional op- 
tions to meet his special needs; R.O.T.C. training for a reserve com- 
mission in the Army, Navy or Marine Corps, more advanced basic 
training in the natural sciences if his interest is in research, more 
advanced engineering courses in a specific field, or economics and 
other general courses if he intends to enter a graduate school of 
business or directly to enter into business. 

If his purpose is to follow far in any specific field of engineering 
he should take graduate work and this broad training will better 
equip the student for a professional engineering career after he 
has completed his graduate training. Many students return to col- 
lege after a year or more of practical experience then knowing 
better exactly where their greater interest lies; or they may go 
to night classes in the principal metropolitan centers. 
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The U. S. Military, Naval, and Coast Guard Academies are 
essentially general engineering schools, plus the requirement of 
military training. Graduates from these schools are recognized 
successful leaders. Where further formal engineering training is 
required their graduates are returned to other colleges and uni- 
versities for this added instruction. 

In closing may I again express the hope that this latest pro- 
nouncement of engineering educators embodied in this society’s 
Committee on Aims and Scope of Engineering Curricula may suc- 
cessfully halt the trend toward undergraduate specialization and 
result in increased emphasis upon the broader training of engi- 
neers in the humanistic-social studies and the broader fundamentals 
of engineering with the development and recognition of an in- 
creased number of general engineering curricula in our engineering 
colleges. 

In thus giving emphasis to curricula in General Engineering, I 
do not wish to be understood as opposing curricula in the principal 
professional fields of chemical, civil, electrical, mechanical, mining 
and metallurgical engineering provided such curricula are of the 
broad type heretofore discussed. However, I do present the 
undergraduate training in general engineering as a far better di- 
rection for these curricula to lean than toward increased specializa- 
tion. 

Training in general engineering would afford the opportunity 


for a greater number of students to have a knowledge of the forces 
and materials of nature and their economic adaption to the use of 
mankind. A quantitative method of thinking and of appraisal 
would take the place of the superficiality and lack of purpose all too 
frequent in many of those taking academic college courses. 
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ENGINEERING AND LAW * 


By H. C. HASKELL 
Assistant Director, Legal Department, E. I. duPont de Nemours & Co. 


It is related that an engineer and a lawyer were once discussing 
which of their professions was the older. The engineer said: ‘‘My 
profession goes back to the beginning of time, before the earth was 
formed, when the nebular forces were at work and all was chaos. 
From this nebular mass a world was made—distinctly an engineer- 
ing job.’’ To which the lawyer replied: ‘‘ Well, who created the 
chaos ?’’ 

While your profession is still working with cosmic forces and is 
endeavoring to create a better world, I trust that my profession 
has progressed some since that day and that today the end and aim 
of the lawyer’s work is not the creation of chaos. 

The greater part of my legal career has been spent working with 
engineers and engineering subjects, and it is for this reason I have 
the presumption to address you today. As an industrial lawyer I 
think it is safe to say that the greater part of my work is concerned 
with engineering, legal problems. 

But first let us define what we mean by engineer. For the pur- 
pose of these remarks I shall stick to the orthodox classification, 
which to me means the civil, mechanical, electrical and chemical 
engineer. If the real estate agent insists on calling himself a 
realtor engineer, or if the keeper of the aquarium insists upon call- 
ing himself a piscatory engineer, I refuse to recognize such as 
members of your profession; and my remarks are not addressed to 
them. 

Let us try to define law. This is a big order, but I think that 
the modern lawyer has come to distinguish between ‘‘law’’ and 
‘*‘laws.’’ We often feel that the so-called laws passed by our state 
legislatures and other governing bodies are not ‘‘law’’ at all. I 
would therefore define law as that great body of custom and tradi- 
tion which has been built up through years and centuries of legal 
decisions and judicial interpretations to which the term ‘‘common 
law’’ is applied. While it is true that some of the legislative en- 
actments have added to the body of common law, it is also true 
that many such enactments do not in any sense reflect the customs 

* Delivered before the Middle Atlantic Section, S. P. E. E., at the Spring 
Meeting at the University of Delaware, May 4, 1940. 
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and traditions of our people and have not and never will become 
incorporated in such law in any true sense. With these brief 
definitions as our background we will approach the subject for the 
consideration of this meeting; and, as I review our subject, I believe 
it is probable that the engineering and legal professions have more 
in common than any other two professions in the world, unless 
possibly it be medicine and law. 

In the curricula of our law schools all substantive law falls in 
one of four main categories; namely, the law of crimes, the law of 


“ torts, the law of contract and the law of property. Engineers are 
% intimately concerned with all of these. 


You may be asking what does the engineering profession have 


be, to do with criminal law, and I can assure you that it would be 
wb extremely difficult today to administer our criminal system were it 
not for the services of engineers. Of course in making this com- 
is ment I am not thinking primarily of crimes against the person and 
i against property such as murder, arson, burglary, larceny, etc., 
a although in dealing with these the engineer has a substantial place. 
I am thinking more especially of the great body of regulations 
‘h which a complex society has developed and in the enforcement of 
et which the criminal machinery is utilized as an established and ex- 
I peditious method of dealing with them. Many examples could be 
.d given but as typical I suggest regulations of the use of the high- 
; ways, prevention of stream pollution, building codes and the vast 
a“! body of regulations attending the transmission of electricity. A 
M mere enumeration of this very brief list of matters which are dealt 
al with under the criminal code suggests the place of the engineer in 
P this branch of the law. I venture to say that in the great majority 
1. of criminal trials some member of the engineering profession must 
ws appear as an expert witness either for the prosecution or for the 
“ defense. The civil engineer would appear with his drawings, 
showing the locus of the crime. The mechanical engineer will 
at perhaps be called upon to give expert testimony as to the machine 
a which caused a specific injury ; the chemical engineer would analyze 
* the blood stains on the victim’s garments; and, in fact, all branches 
I of the engineering profession must be ready to respond to assist in 
i the attaining of justice. 
1 Important as is the detection of crime and bringing the criminal ( 
~ to justice, the modern lawyer rightly places more emphasis on the 
‘ prevention of crime; and, without laboring the point, here again ee 
i the assistance of the engineer is indispensable. In the framing of a. 
- laws our legislators must of necessity call upon the engineering a 


profession for assistance, since probably more than half of the 7 
8 statutes enacted required technical engineering knowledge; and, j 
obviously, in interpreting these laws the courts must again turn to } 
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the engineering profession for guidance. I think I have said 
enough to indicate that without the services of the engineering 
profession many of our criminal laws could not be enacted, inter- 
preted or administered. : 

What has been said with reference to criminal law is equally 
true of that great body of laws which are usually described as torts 
or civil wrongs, which suggest to the layman personal injury cases 
arising from negligence. Here, too, the engineer must assist the 
lawyers in the preparation of their cases, must give expert testi- 
mony and must assist the legislators in framing appropriate laws 
to enable the courts to function in this regard. And here again all 
branches of the engineering profession are called upon from time 
to time to contribute their technical skill and knowledge to the at- 
tainment of justice. 

Coming to the law of contracts, the engineer’s function is per- 
haps more obvious. I venture to say that a large percentage of all 
the contracts that are drawn will include somewhere in their provi- 
sions specifications prepared by engineers. The background of 
practically every contract, whether it be a simple sales agreement 
or a complicated public utility set-up, will be supplied by one or 
more branches of the engineering profession. 

In the law of property the engineer’s function is so obvious that 
it seems hardly necessary to dwell upon it. The oldest contact 
between our two professions is that of the civil engineer and the 
conveyancer, and I can state from my own experience that many 
civil engineers are themselves excellent real estate lawyers. 

In the specialized fields of the law perhaps we first think of 
patent law, and patent problems can not be solved without the 
joint experience of the lawyer and the engineer. The admirality 
lawyer of course must call upon the marine engineer. The work 
of the customs lawyer and his engineering assistant is so unified 
that it is often difficult to tell which is the lawyer and which is the 
engineer in dealing with them; and our great utility organizations 
—railroad companies, power companies, and water companies—are 
the creation of your profession and mine. Perhaps in fairness 
we should give the banker a little place in the picture, but I still 
maintain that the engineer and the lawyer have been the prime 
creators of these enterprises. 

In recent years we have seen the growth of a great body of ad- 
ministrative law, particularly in the Federal field, administered by 
_ numerous boards and commissions centering in Washington. The 

problems with which these administrative agencies are created to 
deal are largely joint legal and engineering problems. 

From what I have said I believe it is obvious that law and engi- 
‘neering are complementary professions. We can not do one with- 
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out the other; sometimes we can not do one with the other, un- 
fortunately. 

And so we should perhaps next consider where our professions 
seem to conflict. I know that you are constantly annoyed by nu- 
merous rules and regulations to which you are obliged to conform 
in carrying out your enterprises and are perhaps inclined to blame 
the legal profession for these hindrances. In defense of my pro- 
fession I will say that the problems which give rise to these rules 
and regulations have been inflicted upon society by your profession 
rather than by mine. 

I ask you to go back to the time before engineering science had 
advanced to the point which it has reached today and think what 
a nice peaceful world it then was. No thought had to be given to 
electric current, airplanes, automobiles, radio and the million and 
one things which you gentlemen have inflicted on our society. The 
legal and engineering problems which these raise you have brought 
to us. The rules and regulations of which you complain were not 
ereated by the lawyer. You have been harassing the legal profes- 
sion for nearly 150 years in an effort to solve the many problems 
which your science and skill have created. 

If we could go back to the time before all these wonders of the 
modern world were created by you and could have explored the 
social consequence of each new instrument created, we doubtless 
could between us have found a better and more efficient means of 
introducing these devices into society; certainly, planning would 
have prevented many of the serious economic conditions which have 
been created. 

Unfortunately, things can not be done this way. Social prob- 
lems have to be solved through periods of trial and error, often 
extending over many years, and mechanisms and devices have to 
find their place in an economic and legal system which to some 
extent have become fixed and rigid. And so the solution of these 
problems has to be taken in stride by both of our professions. 

To you who may be interested in exploring this matter further 
I refer an excellent article by Charles Appleford published in the 
Electrical Engineering magazine for December, 1938, where the 
whole subject is dealt with more comprehensively and more ably 
than I could hope to do in this brief talk. 

Since all of you gentlemen are primarily interested in the sub- 
ject of education, I will close my remarks with some suggestions 
which may be of practical use to you as educators. In the first 
place, I wish to emphasize that I do not believe it is wise for a 
man to attempt to be both a lawyer and an engineer. In view of 
the specialized knowledge required to practice adequately any pro- 
fession, the average human being certainly can not hope to be 
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efficient in the practice of more than one; but I do believe there is 
a decided need in industry today of lawyers with an engineering 
background. I am referring, of course, to the man who has done 
his undergraduate work in a technical school and has gone on from 
there to the law school. The need of this type of individual is 
particularly felt in the patent field today. This field is not over- 
crowded, and young men in engineering schools would do well to 
weigh this as a possible future career. It is a remunerative, inter- 
esting and constructive profession. 

I realize that the curricula in all of your technical schools are 
already loaded down with necessary courses, but I suggest that it 
might be well to have a series of lectures, say three or four, during 
the academic year by eminent attorneys in your community who are 
qualified to talk on industrial legal matters. Let these men give 
your students an idea of what I have been able to touch on only 
briefly here. I believe it would be helpful to both your profession 
and mine. We have much in common, perhaps much more than 
any other two professions. An intelligent understanding of each 
other’s problems will enable us each more intelligently to solve 
the common problems. It will also speed the time when we can 
have some kind of a coérdinating body which will represent both 
law and engineering and will make it easier to weld into our social 
system those things which your profession has created and will con- 
tinue to create. May our two professions find a way to unite their 
talents for the advancement of the common good of society! 
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NEW MEMBERS 


ANDERSON, Car. G., Assistant Professor of Mechanical Engineering, Armour 
Institute of Technology, Chicago, Ill. J. B. Finnegan, J. C. Peebles. 
CuarK, Extery D., Instructor in Mechanical Engineering, University of Con- 

necticut, Storrs, Conn. Dana Young, W. L. Edel. 

CroMER, ORVILLE C., Instructor in Mechanical Engineering, University of Wis- 
consin, Madison, Wis.. B. G. Elliott, D. W. Nelson. 

Datey, Joun L., Assistant Professor of Electrical Engineering, Yale Univer- 
sity, New Haven, Conn. A. G. ‘Conrad, W. B. Hall. 

DuUNKLE, RALPH W., Instructor i in Drafting and Design, Ohio Institute of Tech- 
nology, Greenville, Ohio. T. E. French, C. J. Vierck. 

Ferry, Arruur L., Branch Manager, The A. Lietz Co., 1965 North Berendo 
St., Los Angeles, Calif. F. O. Rose, S. F. Duncan. 

FerHerston, THomas C., Manager, Publicity Division, Union Carbide Com- 
pany, 30 E. 42nd St., New York City. R. W. Boggs, W. P. Burgland. 
FisHer, Epwarp G., Instructor in English, University of Wyoming, Laramie, 

Wyo. F. B. Seely, T. J. Dolan. 

HENDERON, FrepericK R., Instructor in Industrial Engineering, Assistant to 
Dean, Northeastern University, wanton, Mass. W. C. White, W. E. Night- 
ingale. 

KILCAWLEY, Epwarp J., Professor of Soil Mechanics and Sanitary Engineer- 
ing, Rensselaer Polytechnic Institute, Troy, N. Y. W. O. Hotchkiss, R. A. 
Patterson. 

Kin@sLey, CHARLES, Assistant Professor, Massachusetts Institute of Tech- 
nology, Cambridge, Mass. C. E. Tucker, R. H. Frazier. 

KNAEBEL, Car, H., Assistant Professor of Mathematics, Michigan College of 
M. & T., Houghton, Mich. James Fisher, F. L. Partlo. 

Lonpon, ALEXANDER L., Instructor in Mechanical Engineering, Stanford Uni- 
versity, Palo Alto, Calif. H. B. Langille, E. D. Howe. 

Martine, Frep W., Instructor in Mechanical Engineering, Kansas State Col- 
lege, Manhattan, ansas. E. R. Dawley, R. A. Seaton. 

Morcan, JoHN C., Assistant Professor of Codperative Work, Northeastern 
University, Boston, Mass. W. C. White, W. E. Nightingale. 

Morrison, EpMunp, Assistant Professor of English, University of British Co- 
lumbia, Vancouver, B. C. RB. 8. McCaffery, 8S. M. Tucker. 

Nites, ALFRED S., Professor of Aeronautical Engineering, Stanford University, 
Stanford University, Calif. B. M. Green, John Hedberg. 

Osrrt, Epwarp F., Assistant Professor of Mechanical Engineering, North- 
western Technological Institute, Evanston, Ill. H. 8S. Philbrick, M. B. 
Gamet. 

Outsen, Leroy, Instructor in Mechanical Engineering, Carnegie Institute of 
Technology, Pittsburgh, Pa. L. E. Grinter, J. C. Peebles. 

Pootz, Haroxtp M., Instructor in Industrial Engineering, The Ohio State Uni- 
versity, Columbus, Ohio. John Younger, P. N. Lehoczky. 

Ravirz, 8. Freperick, Director, Engineering Experiment Station, University of 
Utah, Salt Lake City, Utah. A. Diefendorf, A. L. Taylor. 

TRUMPLER, Pav. R., Instructor in Mechanical Engineering, Armour Institute 
of Technology, Chicago, Ill. 8S. E. Winston, J. C. Peebles. 

Woop, Henry A., Instructor in Mathematics, University of Connecticut, Storrs, 
Conn. C. E. Tucker, R. D. Douglas. 
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NECROLOGY 
RAYMOND L. RASMUSSEN 


Raymond L. Rasmussen, Instructor of Engineering Drawing at 
Towa State College, died May 10, 1940, in Ames, Iowa, after an ill- 
ness lasting ten weeks. 

Mr. Rasmussen was born near Béwbells, North Dakota, in 1913. 
He received his undergraduate training in Mechanical Engineering 
and was awarded his Bachelor of Science degree in 1938. At the 
time of his death he was working towards a Master’s degree in the 
same curriculum. 

In addition to his formal education, Ray was an excellent crafts- 
man. Thus, as a teacher he could combine his natural talent with 
the discipline acquired during a year’s active duty as a 2nd Lieu- 
tenant in the U. 8S. Army to the advantage of the students and de- 
partment. In his passing, the college has been deprived of the 
services of a very promising young man. 


WILLIAM PAYSON TURNER 


William Payson Turner, Emeritus Professor of Purdue Univer- 
sity, a member of the staff of the Schools and Departments of Engi- 
neering for fifty-two years, was born on August 2, 1867, at Isle au 
Haut, an island off the coast of Maine, and died April 28, 1940, at 
Lafayette, Indiana, after a brief illness. He was buried in the 
family cemetery at Isle au Haut, Maine, where his ancestors, for 
several generations, now rest. 

Professor Turner attended Massachusetts Institute of Technol- 
ogy from 1884 to 1886, studying Mechanic Arts. He came to 
Purdue University in September, 1886, upon the invitation of Dean 
W. F. M. Goss to take charge of the engineering shops which were 
then being organized. He was promoted to the rank of Instructor 
in 1887, Assistant Professor in 1901, and Professor in 1907. He 
retired from active teaching in 1938 and was appointed Emeritus 
Professor. 

As the enrollment in engineering increased, the instructions in 
engineering drawing and shop practice were combined into a De- 
partment of Practical Mechanics with Professor Michael Golden as 
head. Professor Turner was given charge of the machine shop, 
forging, heat treating and welding divisions of the department. He 
was in charge of these divisions at the time of his retirement in 1938. 
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Professor Turner was an efficient and inspiring teacher and de- 
veloped many new methods of shop instruction. He was the author 
of several papers describing Machine Shop practices which were 
published by the Society for the Promotion of Engineering Educa- 
tion and the American Society of Testing Materials. He designed 
the Purdue Impact Machine and was the author of a text book on 
‘Machine Tool Work’’ published by the McGraw-Hill Company. 
He was working on the revision of this text book when he died. 

Professor Turner was a member of the American Society of 
Mechanical Engineers, Society for the Promotion of Engineering 
Education, the American Society of Metals (formerly the Ameri- 
ean Society of Steel Treating), Indiana Academy of Science, Cen- 
tral Presbyterian Church, the Masonic Lodge, and a charter mem- 
ber of the Town and Gown Club. For a number of years he held 
a commission of Major in the Ordnance Reserve. He served Pur- 
due University as Chairman of the Commencement Committee and 
was marshal of Academic Procession in connection with the com- 
mencement exercises for many years. 

Professor Turner was a man of simplicity and modesty but with 
a keen sense of New England humor. He was popular among the 
students, alumni and faculty, and was affectionately referred to as 
“‘Deacon.”’ 

The engineering and teaching professions have suffered a great 
loss in the passing of Professor Turner. 
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Television—The Electronics of Image Transmission. V.K. Zwory- 
KIn AND G. A. Morton. John Wiley and Sons, Inc. First 
edition. 1940. 646 pages. 494 illustrations. $6.00. 


This really authoritative volume is a welcome addition to engi- 
neering literature. Since television is already so mature technically 
and yet so young commercially, this book is not only a milestone in 
a great engineering achievement of research and development but 
also the herald of a great new art and the guide to new engineering 
problems of design, production, and servicing. 

The qualifications of the authors are undoubtedly unique. Dr. 
Zworykin, RCA director of research, and Dr. Morton, RCA re- 
search engineer, have both had wide experience in publishing tech- 
nical papers on television and related subjects, and Dr. Zworykin 
is famous as the inventor of the Iconoscope, which revolutionized 
television development. 

As the authors point out, their purpose has been to select and 
integrate into a single volume relevant portions of the extensive 
literature on television which has appeared in various technical 
publications. How much of the available material they have con- 
sulted can be judged from the abundant bibliography following each 
of the twenty chapters of the book. 

The volume consists of four parts, each well organized in clear 
and logical order. Part I explains the basic phenomena involved in 
television, including electron emission, fluorescent materials, and 
electron optics. Part II is a broad survey of the whole field of 
television, with an analysis of picture transmission and of the more 
important methods of pickup and reproduction of images. Part 
III considers in great detail a single television system, the RCA 
system. The construction and performance of various types of 
Ieonoscopes and Kinescopes are thoroughly discussed, together with 
a description of their associated circuits in the television trans- 
mitter and receiver. Part IV describes the actual equipment now 
in operation in the RCA-NBC television project. 

The emphasis throughout the book is on the electronic, rather 
than the mechanical, devices used in television, and the Iconoscope 
and the RCA system are stressed in particular. From the stand- 
point of completeness, some readers may wish that more space had 
been devoted to such topics as the Farnsworth system or perhaps 
the possibility of using frequency modulation in television. 
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Although there are no problems in the book, mathematical equa- 
tions and derivations are used abundantly wherever necessary. 
Much of the basic material, especially in Part I, includes some 
rather advanced theory, using quantum mechanics. However, the 
mathematical analysis supplements, rather than supplants, the de- 
seriptive material, so that even if the more advanced theory were 
omitted, the book would still give an excellent understanding of 
present-day television. 

K. J. Way 


Electrical Engineering Science. MortEy AND HuauHes. Long- 
-mans, Green and Co. London, New York, and Toronto. First 
edition. 1940. 256 pages. $1.75. ’ 


This small English volume contains an elementary course in 
electrical engineering for second-year students. It stresses the 
underlying principles of electrical circuits and machines rather 
than describing electrical equipment in complete detail. 

The book begins with a brief chapter on the electric circuit 
followed by a chapter on the magnetic circuit. With this back- 
ground, D.C. machinery is covered in three chapters. Chapter VI 
discusses inductance in a D.C. circuit, followed by three chapters 
on alternating currents, including the effects of resistance and in- 
ductance. Chapters X and XI take up capacitance in D.C. cir- 
cuits and in A.C. circuits. The remaining four chapters cover 
transformers, measurements, batteries, and units. 

This text is intended to be used following ‘‘Elementary Engi- 
neering Science’’ by the same authors and a considerable part of 
the material in the first three chapters is simply summarized from 
that book. 

The treatment of the subject is largely mathematical, but no 
calculus is used. About fifty solved examples and well over a hun- 
dred unsolved examples are included. The answers to these ex- 
amples are listed at the end, together with trigonometric and loga- 
rithmic tables. 

K. J. Way 


An Outline of Metallurgical Practice. Second edition. By CARE 
R. Haywarp, Professor of Process Metallurgy, Mass. Inst. of 
Technology ; published by D. Van Nostrand Company, Inc., 250 
Fifth Ave., New York. Price $7.50; 690 + xi pages, 6” < 9”, 
including index; over 400 figures, illustrations, diagrams, etc. 
The author’s preface to the first edition states that the book was 

intended to occupy a new field in metallurgy ;—to satisfy two de- 

mands: first, ‘‘to meet the desire of many engineers for a quick 


Y- 
‘st 
ly 
in 
ut 
rr. 
in 
od 
id 
ve 
al 
n- 
eh on 
ar 
1d 
of 
re 
rt 
A 
of 
th 
er 
De 
d- 
id 
Ds : 


162 BOOK REVIEWS 


reference book which will give modern practice in extracting and 
refining most of the metals and will give general information re- 
garding the sources, uses and important alloys of the metals.’’ See- 
ond, ‘‘to assist students who are starting their metallurgical studies 
with no practical experience and little or no knowledge of the sub- 
ject or its literature.’’ 

This second edition is very similar indeed to the earlier one 
published eleven years ago. An increase in size of some 78 pages 
is distributed generally through the text. New tables of smelting 
data on copper and lead are included, and two new chapters, on 
Beryllium and Zirconium respectively. 

This text offers a comprehensive outline of production metal- 
lurgy suitable for careful preliminary study by any beginner and 
as a guide to sources for additional details, and also as a useful 
reference book for a practicing engineer. The descriptions of the 
chemistry of the various processes are very brief. The wording is 
almost entirely free of useless and tiresome details of dimensions 
of apparatus. In general the wording is clear, easily understood 
and to the point, in some cases almost too brief to avoid misleading 
inferences. 

In the introduction Professor Hayward gives a very brief de- 
scription of the various important methods of mineral separation. 
There is also some information on mining,—and a few pages of 
introductory remarks on metallurgical processes. After this in- 
troduction the text consists of twenty-five chapters, each devoted to 
the production and refining of a single metal, but including also a 
brief statement of the properties, chemical behavior and uses of the 
metal, together with references for suitable supplementary reading. 
The last chapter is the single exception to this type, and consists 
of a brief treatment of non-ferrous alloys, production, useful data 
about properties, equilibrium diagrams for reference, etc. 

The chapter headings will be here listed, with number of. pages 
in each chapter, to indicate further the scope of the new edition: In- 
troduction, 17; Copper, 131; Lead, 67; Zinc, 54; Aluminum, 16; 
Nickel, 19; Tin, 13; Mercury, 16; Arsenic, 10; Bismuth, 9; Cad- 
mium, 9; Cobalt, 6; Magnesium, 9; Beryllium, 3; Gold, 49; Silver, 
9; Platinum, 5; Chromium, 8; Tungsten, 9; Manganese, 6; Vana- 
dium, 7; Molybdenum, 4; Zirconium, 5; Iron and Steel, 127; Non- 
Ferrous Alloys, 45. 

S. L. GoopaLE 


Calculus. By Rossins AND The Macmillan Company. 
New York. 1940. 398 pages. 
In this book the usual features of the Calculus are presented 
with the aim of stimulating the student ‘‘to make immediate con- 
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tact with his previous mathematical experience.’’ Wherever pos- 
sible, the authors introduce each topic by a few specific problems, 
the significance of which the student can easily see, but which re- 
quire the use of the tool about to be presented. 

Applications are introduced as soon as possible, with the ex- 
ception of the chapter on formal integration. Here the authors 
present five lists of problems on integration by inspection in order 
to emphasize integration as the inverse of differentiation. The 
problems are numerous and varied, both in scope and difficulty. 
Answers are given along with the problems rather than in the back 
of the book. 

Chapter I is devoted to the derivative and a few of its applica- 
tions without first burdening the student with a preliminary dis- 
eussion of continuity (given later in Chapter VIII). Then follow 
fourteen more chapters on Differential Calculus and thirteen on In- 
tegral. The student makes two contacts with series—the expansion 
of functions in Chapter X and infinite series in Chapter XXVII. 
Chapters XXIV and XXV are on differential equations. 

Appending this text are a set of integral tables (with Chapter 
XIX devoted to their use), some numerical tables and a list of 
mensuration and trigonometric formulas. 

The book is well written and I think the student will welcome 
the authors’ efforts to avoid abstractions and still give a complete 
treatment of the subject. 

JoHN O. BLUMBERG 


College Algebra. By Lewis M. Reaacan, R. Ort, AnD DANIEL 
T. Sictey. Farrar and Rinehart, Inc. 1940. xviii + 456 pp. 
Price $2.50. 


This text differs from most College Algebra books in the order of 
arrangement of material and in the method of presentation and de- 
velopment of subject matter. The change in order of topics in- 
volves the early introduction of new material such as permutations, 
combinations, and probability, and of principles of inductive and 
deductive reasoning, in order to retain the interest of the student 
for whom much of the work of the course is reviewed. Since these 
topics present little or no algebraic difficulty and should help to 
develop the reasoning powers of the student, this early introduction 
seems justifiable. Moreover since the material which follows is 
independent of this, the usual sequence of topics may be followed 
if desired. 

The other particular characteristic of the book is that inductive 
methods are used more than is customary in the presentation of new 
material and in the development of algebraic processes. 
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Factoring is not introduced until well on in the course, and im- 
mediately precedes the solution of quadratic and higher degree 
equations. This undoubtedly tends to unify the subject of solution 
of pulynomial equations. : 

Other features are the expansion of third order determinants 
first by minors, a chapter on inequalities, the early use of functional 
notation, and the flexible arrangement which permits omission of 
topics where necessary to shorten the course. 

The book contains numerous and diverse problems on all sub- 
jects covered, as well as two supplementary lists of review problems. 


Machine Design Drawing Room Problems. By C. C. ALBERT. 
Third edition. John Wiley and Sons, Inc., New York. 1940, 
441 pp. $3.50. 

The book is written as a problem and reference book for the 
usual junior and senior machine design laboratory courses. It as- 
sumes that one of the standard machine design textbooks is used 
for the recitation course. 

In this third edition both the number of the laboratory prob- 
lems has been increased and also the reference section has been ex- 
panded. Five of the seven problems that were given in the pre- 
ceding edition are retained and to these eight more have been 
added. The list of problems includes: Flanged Shaft Coupling; 
Bearing Cap; Strength and Stiffness of Shafts; Curved Parts and 
Frames; Helical Spur Reducing Gears and Housing; Steam En- 
gine Flywheel; Air-operated Arbor Press; Thrustor-operated In- 
dustrial Brake; Car Puller; Pump Problems; Mechanical Features 
of a Jib Crane; Combination Punch and Shear; and Balancing 
Problems. 

The three chapters of reference material in the second edition 
have been expanded into six chapters and four new reference chap- 
ters have been added. Most of the tabular material is gathered into 
the last two chapters. 

The changes in the subject matter and particularly the increased 
number of problems makes still more useful an already valuable 
text for the machine design drawing room. 


T. G. BEcKwITtH 


Industrial Electrochemistry. Second Edition. C. L. Manret, 
Ph.D. McGraw-Hill Book Company. New York. 1940. 656 
pages. 

In the preface to the second edition of this important book, the 
author makes the statement .. . ‘‘that electrochemical practice is 

a branch of chemical engineering and not a subdivision of physical 
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chemistry. ..'.”’ There is ample justification for this statement 
as perusal of this work will show. The fact remains, however, that 
electrochemical practice as considered along the lines of the unit 
operations has been largely neglected in our undergraduate courses 
in chemical engineering. 

Dr. Mantell’s book should do much to correct this condition, 
and, because of the inclusion of much operating data, will prove to 
be helpful to teachers in compiling new problems. 

In the revised edition, the material is classified into six main 
parts. In part I, a convenient summary of theoretical electro- 
chemistry is given, presumably for those who have already had an 
elementary course in physical chemistry. Irreversible effects, tend- 
ing to reduce energy efficiency, have not been overlooked and an up 
to date bibliography on oxygen and hydrogen over voltages has been 
included. 

In part II, under the general heading of ‘‘Technical Electro- 
chemistry,’’ principles and applications of electrolytic reduction 
and oxidation are discussed. Applications to inorganic and organic 
syntheses are clearly set forth with helpful flowsheets and ex- 
planatory diagrams. 

As one might expect in a work of this sort, a considerable amount 
of space is taken up in considering the commercial practices of 
metal deposition and solution, electroplating and electroforming, 
electrorefining of metals, electrowinning, the electrolysis of alkali 
halides, and the electrolysis of fused salts. These topics are ad- 
mirably presented in part III, under the heading ‘‘Electrolytics.’’ 
This section comprises about one third of the entire book. 

For those interested in heat transfer, part IV, dealing with 
electrothermics, should be consulted. Tables of characteristics are 
given for different kinds of electric furnaces, as used in the metal- 
lurgical industries. Wiring diagrams for various types of are 
furnaces are also included. The inclusion of energy distribution 
charts in connection with the manufacture of calcium carbide is a 
welcome feature of the book. 

The principles underlying the passage of electricity through 
gases are dealt with in part V, where mercury arc rectifiers are also 
discussed. Mention might also be made of a chapter on electronics. 

Under the general heading of ‘‘Engineering,’’ in part VI, the 
author has given consideration to such topics as materials of con- 
struction, and power generation and economics. The latter has 
been highly condensed, a factor which might have been offset by 
more complete references to published information. 

Within the compass of some 656 pages, the author has touched 
on every branch of industrial electrochemistry likely to be of use 
to the engineer and the student. This book will serve the needs, 


gree 
tion 
ants = 
onal 
1 of 
940, 
as- 
“ob- 
ex- 
re- 
een 
ng ; 
ind 
In- a 
ion 
ap- 
nto 
ble 
ul, 
56 
he 
is 2 
cal 

x 


166 BOOK REVIEWS 


not only of the undergraduate seeking to extend his knowledge of 
an important part of chemical industry, but also of the detailed 
requirements of the graduate student as well. 


J AMES CovuLL 


Handbook of Mathematical Tables and Formulas. Second Edition, 
Compiled by R. S. Burrneton. Handbook Publishers, Ine, 
Sandusky, Ohio. 1940. 

According to the compiler the second edition is a revision and 
enlargement of the first edition. The book is divided into two 
parts. In the first part there is a summary of formulas and 
theorems from algebra, elementary geometry, trigonometry (plane 
and spherical), analytic geometry, differentia] calculus, a table of 
integrals (434 in number) and vector analysis. The second part 
of the book contains thirty tables. Included in this group are the 
logarithmic and trigonometric tables to five places; a table of 
squares, cubes, square roots and cube roots; tables of reciprocals, of 
values and logarithms of exponential and hyperbolic functions, and 
complete elliptic integrals. 

The appearance of the book is pleasing. The quality of the 
paper, type, and spacing are excellent. 

The reviewer has made no attempt to look for errors. 

JoHN C. KNnIpP 
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PISCATORIAL UTOPIA 


NSECT laboratories have been air 
conditioned, rivets for dirigibles have 
been refrigerated so they can be driven 
better, and there is even a case where 
telephone books have been cooled mechan- 
ically to speed the hardening of the glue. 
But it was only recently that the first 
gutomatic heating installation designed 
specifically for the comfort and health of 
tropical fish was put into operation. 
Devilfish, sharks, rays, the only porpoises in 
ptivity, and thousands of other unusual 
specimens caper gaily around in their adopted 
home in the Marine Studios at Marineland, 
a. There, in huge tanks, the pampered fish 
ive the “life of Reilly” (the porpoises are 
ed by hand) in water that is not only 
tered and aerated but is also held at a tem- 
perature of 70 F. 


heating job, holding the 500,000-gallon 
oeanarium” at a temperature just like 
home for the transplanted tropical speci- 
mens. 

AtG.E.’s Bloomfield (N. J.) plant, where air 
wnditioning equipment is manufactured, 
sa division of the General Electric Test 


Course. Here young student engineers gain 
practical experience in this branch of 
engineering. 


CHASING SHADOWS 


OW would you like to see carbon dioxide 
pour out of a beaker and snuff out the 
flame of a candle, or cold water from floating 
ice flow to the bottom of a glass? By accident 
two General Electric scientists recently dis- 
covered a way to force these and other ordi- 
narily invisible things to show themselves. 
It all began one day when a searchlight 
shining through the windows of the G-E 
Research Laboratory at Schenectady, N. Y. 
started the scientists on an investigation, 
resulting in equipment which gives the in- 
side story of supposedly invisible happenings. 


By holding transparent substances in a beam 
of light from a water-cooled mercury lamp, 
variations caused by changes in the index 
of refraction show up plainly on a screen. 
Gases, liquids, or transparent solids cast 
strange shadows, revealing characteristics 
unseen to the naked eye. Although this 
has been done before with arc lights, the 
new method has many advantages. 

The two G-E scientists identified with this 
accomplishment are Dr. R. P. Johnson, U. of 
Richmond, ’29, and Dr. N. T. Gordon, 
Princeton, ’13. 
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A COMPLETE 
PRINTING 
SERVICE 


Goop PRINTING does not 
just happen; it is the result of careful planning. 
The knowledge of our craftsmen, who for 
many years have been handling details of 
composition, printing and binding, is at your 
disposal. For over sixty years we have been 
printers of scientific and technical journals, 
books, theses, dissertations and works in foreign 


languages. Consult us about your next job. 
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Harper and Brothers announce their first publication 
in the field of engineering textbooks —, 


TECHNICAL 
DRAFTING 


A Text and Reference “Book on Graphics 
By CHARLES H. SCHUMANN 


Associate Professor and Executive Officer, 
Department of Drafting, Columbia University 


Technical Drafting is the most complete treat- 
ment of drafting available for beginning col- 
lege work in this subject. Longer than other 
similar texts, it not only considers the usual 
topics thoroughly, but also many new topics of 
recognized importance: the operation of ma- 
chine tools, orthographic projection, the read- 
ing of engineering drawings, drawings of 
welded constructions, and many others. 


Part One covers elementary principles and Part 
Two goes thoroughly into commercial practice 
in the various branches of engineering and co- 
ordinates them. Its flexibility makes it suited 
as a text for courses as short as a semester or 
as long as two years. 


Special features are the large number of prac- 
tical problems of varied types and the carefully 
executed drawings—nearly a thousand of them. 
Technical Drafting is an authoritative and ac- 
curate text for college classes and an indis- 
pensable reference book for engineers, archi- 
tects, and draftsmen. 


793 pages Price $3.50 
HARPER & BROTHERS — 49 East 33d St., New York 
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An Accounting Series for Engineering Students 


ACCOUNTING FOR ENGINEERS 


JOHN R. BANGS 
Professor of Administrative Engineering 
and 


GEORGE R. HANSELMAN 
Assistant Professor of Administrative Engineering 
both of Cornell University 


HIS TEXTBOOK is planned to give the student the knowledge which 
an engineer should have of accounting, its place, and the results which 
may be demanded of it. The approach and entire presentation are along 
lines understandable and familiar to the 8 quqee student. Diagrams 
are used freely and the veil of mystery which so often befogs the thinking 
of the beginning student of accounting is completely avoided here. The 
scope of the work includes a brief introduction to Cost Accounting in the 
last two chapters. This makes the book a satisfactory accounting unit in 
itself for the engineering student or a splendid foundation for a more 
advanced course in Cost Accounting. 
This textbook will be available in adequate time for examination for 
second semester use. Send for your on approval examination copy now to 


be shipped upon publication. 
There will be a problem and practice set to accompany the textbook. 


COST ACCOUNTING, PRINCIPLES AND METHODS 


Second Edition 
by 


CHARLES REITELL 
Staff Member, Stevenson, Jordan and Harrison, 
Management Engineers 
and 


Cc. E. JOHNSTON 
Dean, Schools of Business 
International Correspondence Schools 


425 pages, 6 x 9, $3.50 


Cost Accounting Problems, 111 pages,6x9 $1.00 
Practice Set, Job Order Cost System, —_.50 
Practice Set, Process Cost System, 8} x 11 50 
Practice Set, Standard Cost System, 8} x 11 50 
Combination Price, these five units purchased together $5.50 


This textbook is now in the second large printing of the Second Edition. 
The First Edition underwent four printings and was used as a textbook in 
more than seventy schools and colleges. 

The practice sets, available for the first time this Fall, are a great con- 
venience to both teacher and student and make the use of the book more 


attractive than ever. 


Send for examination copies on approval. 


INTERNATIONAL TEXTBOOK COMPANY 


Scranton, Pennsylvania 
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